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PREFACE 


This  book  has  been  written  to  meet  the  requirements  of  the 
new  methods  of  teaching  surveying,  especially  of  those  methods 
develoi)ed  in  connection  with  summer  courses  where  much  of 
the  instruction  formerly  given  in  the  class-room  has  been  trans- 
ferred to  the  field.  In  plan  it  is  a  text-book  and  pocket  manual 
combined,  while  in  scope  its  aim  is — not  to  cover  the  whole 
field  of  surveying,  but — ^to  treat  with  great  thoroughness  fun- 
damental principles  and  methods.  As  a  text-book  it  deals 
with  the  theory  of  surveying,  while  as  a  manual  it  gives  many 
practical  suggestions  and  directions  which  are  usually  left  for 
oral  instruction.  Oral  instruction  is  pecuharly  inadequate  in 
field  work  where  the  students  are  more  or  less  widely  scattered, 
while  directions  and  suggestions  if  given  in  the  class-room  are 
frequently  misimderstood  or  forgotten  before  they  can  be  ap- 
plied in  the  field.  The  problem  is  not  solved  by  issuing  a 
printed  collection  of  exercises  in  which  successive  steps  are 
outlined,  for  students  are  apt  to  follow  the  outline  blindly  and 
thus  to  defeat  the  end  in  view.  It  would  seem  better  to  provide 
a  book  in  which  expHcit  directions  for  methods  of  procedure 
are  supplemented  by  the  same  explanations  and  comments  as 
the  instructor  endeavors  to  give  orally. 

With  more  than  one  hundred  students  in  the  field  at  one 
time,  the  need  of  such  a  book  in  my  own  classes  has  become 
more  and  more  evident.  For  several  years  my  assistant  in- 
structors have  helped  me  to  keep  a  card  index  of  the  questions 
asked,  the  mistakes  made,  and  the  difficulties  encountered  by 
students  in  successive  classes.  Thus  not  only  were  the  needs 
of  students  ascertained,  but  those  which  are  most  common 
were  emphasized  by  duplicate  cards.  This  card  index  led  to 
the  preparation,  five  years  ago,  of  a  pocket  manual  for  use  in 
my  own  classes.  Yearly  editions  of  this  manual  have  been 
isBuedf  each  containing  changes  and  additions  suggested  by 
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IV  PREFACE 

the  ever-growing  card  index,  until  now  it  is  offered  in  its  present 
form  for  general  use.  Though  intended  primarily  for  students, 
it  is  hoped  that  it  may  prove  helpful  to  men  in  actual  work, 
especially  to  those  who  are  striving  in  the  early  years  of  practice 
to  perfect  themselves  in  the  art  of  surveying. 

In  attempting  to  produce  a  book  which  shall  be  useful  to 
the  beginner,  I  have  probably  gone  into  details  more  minutely 
than  seems  necessary  to  the  experienced  surveyor,  who  wonders 
"why  something  is  not  left  to  the  common  sense  of  the  student." 
Yet,  a  long  experience  in  teaching  impels  me  to  the  belief  that 
nothing  should  be  taken  for  granted,  that  anything  worth  telling 
the  student  is  worth  putting  in  print,  and  that  after  all,  common 
sense  in  surveying  is  closely  related  to  a  knowledge  of  common 
things — ^little  details  which  some  one  must  teU  the  student 
for  the  first  time.  If  put  in  print  where  they  will  be  seen  again 
and  again,  many  of  these  practical  details  can  be  learned  just  as 
weU  before  as  after  graduation,  while  if  left  to  be  picked  up  in 
practice  many  of  them  may  not  be  learned  at  all. 

A  more  definite  idea  of  the  general  plan  and  scope  of  the 
book  may  be  gained  by  reading  the  short  introductory  notes 
at  the  heads  of  the  various  chapters.  Attention  is  called,  how- 
ever, to  the  following  features: 

1.  Great  care  has  been  taken  to  make  the  book  convenient 
for  ready  reference,  so  that  the  student  may  turn  quickly  to  any 
part  of  the  subject. 

A  purely  prottressive  order  of  arrangement  being  impracticable,  the 
plan  has  been  followed  of  grouping  closely  related  chapters  and  topics. 

2.  Each  branch  of  field  work  in  Part  I  is  treated  under  three 
general  heads,  viz. :  (1)  the  use  of  the  instrument;  (2)  the  gen- 
eral method  of  procedure;  (3)  the  practical  details  of  field 
work. 

By  this  arrangement,  general  methods  of  procedure  are  not  obscured 
by  directions  for  the  use  of  the  instrument,  or  vice  versa^  while  that  part 
of  the  work  which  can  be  studied  in  the  class-room  is  separated  from  that 
which  is  better  studied  in  the  field. 

3.  The  time-honored  system  of  explaining  the  general  methods 
of  surveying  under  the  head  of  compass  surveying  has  been 
abandoned,  and  the  whole  theory  of  horizontal  control  is  ex- 
plained in  connection  with  transit  surveying. 

This  innovation  is  justified  by  the  fact  that  many  engineers  seldom,  if 
ever,  have  occasion  to  use  the  compass. 

4.  Field  work  and  office  work  are  treated  in  separate  parts 
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of  the  booky  but  the  important  relations  between  the  two  are 
emphaozed  throughout. 

This  division  of  the  subject,  adopted  five  3^^  ago  in  the  first  prelim- 
inary edition  of  this  booli^  corresponds  to  a  similar  division  of  the  work 
in  practice. 

5.  General  statements  of  important  principles  and  methods 
are  almost  invariably  supplemented  by  special  applications  or 
practical  illustrations,  given  as  a  rule  in  fine  print. 

This  is  for  the  special  benefit  of  those  who  are  studsdng  the  subject 
with  little  if  any  help  from  a  teacher. 

6.  When  there  are  two  or  more  methods  of  doing  the  same 
thing,  they  are  given  one  after  the  other  and  then  compared. 

For  exanmle.  see  Chapter  XII  for  four  methods  of  running  transit  lines; 
Chapter  XIII  tor  different  methods  of  locating  details;  pages  141  and  150 
for  five  methods  of  locating  boundaries;  and  page  258  for  five  methods 
uf  setting  grade-stakes. 

7.  A  great  deal  of  practical  information  is  given  without 
obscuring  general  methods. 

For  example,  in  explaining  any  method  of  procedure  a  concise  outline 
of  the  essential  steps  is  given  first,  followed  oy  practical  suggestions  in 
fine  print. 

8.  In  the  chapters  on  field  notes,  an  attempt  has  been  made 
to  give  a  systematic  treatment  of  a  very  important  but  much 
neglected  part  of  field  work. 

Not  only  have  numerous  forms  and  examples  been  given  throughout 
the  book,  and  especially  in  Chapter  XV,  but  different  methods  of  keeping 
notes  9  re  explained  and  compared.  Surprisingly  little  on  this  part  of  the 
subject  is  to  be  found  in  standard  text-books. 

9.  Throughout  the  book  special  effort  has  been  made  to  give 
a  systematic  and  practical  discussion  of  the  subject  of  errors. 

Consistent  accuracy  rather  than  exceptional  accuracy  should  be  the  first 
aim ;  benoe  stress  is  laid  on  the  relative  importance  of  errors  from  differ- 
ent sources,  as  well  as  upon  methods  of  eliminating  errors. 

10.  Methods  of  checking  are  emphasized,  and  wherever  pos- 
sible they  are  included  in  methods  of  procedure  so  that  work 
may  be  checked  as  it  progresses  rather  than  after  it  is  finished. 

For  example,  see  methods  of  procedure  on  pages  152-156. 

11.  No  space  has  been  wasted  in  describing  and  illustrating 
visible  parts  of  instruments.  In  Part  III,  however,  a  criticd 
study  is  made  of  the  construction  and  adjustment  of  instruments 
and  an  unusually  complete  chapter  is  given  on  the  care  of 
Instruments. 
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This  part  of  the  subject  should  be  studied  after  the  student  has  become 
accustomed  to  the  use  of  the  instruments;  hence  it  is  treated  at  the 
end  of  the  book  instead  of  at  the  beginning. 

12.  The  method  of  calculating  bearings  in  Chapter  XXX  is 
original,  but  it  is  such  a  simple  and  natural  application  of  alge- 
braic signs  to  angles,  that  the  same  general  method  is  probably 
used  by  many  engineers. 

13.  It  is  hoped  that  chapters  on  various  branches  of  surveying, 
such  as  stadia,  compass,  and  plane-table  work,  will  be  found 
unusually  complete.  Attention  is  called  to  Chapters  XVII  and 
XXIII  on  special  work  in  transit  surveying  and  leveling,  and 
to  the  treatment  of  office  computations  and  mapping  in  Part  II. 
No  attempt,  however,  has  been  made  to  cover  such  subjects  as 
city  surveying  and  mining  surveying,  since  they  cannot  be  treated 
adequately  in  a  book  of  this  kind.  There  is  an  opportunity 
for  specialists  to  write  books  of  reference  on  these  two  subjects, 
following  the  general  plan  of  our  best  books  on  railway  siu-vey- 
ing  and  topographic  surveying. 

14.  Through  the  kindness  of  Mr.  Charles  W.  Reinhardt  of 
the  EngiTieering  News,  and  of  Prof.  C.  E.  Sherman  of  Ohio 
State  University  I  have  been  able  to  include  in  Chapters  III 
and  XLII  valuable  extracts  from  their  admirable  books  on 
lettering. 

I  have  found  it  impracticable  in  many  cases  to  acknowledge 
my  indebtedness  to  other  writers  on  surveying,  so  much  of 
the  subject  having  long  been  the  common  property  of  all  en- 
gineers. Certain  portions  of  the  chapters  on  errors,  and  on 
the  construction,  use,  and  adjustment  of  instruments  were 
first  suggested  by  Prof.  I.  O.  Baker's  excellent  book,  Etv- 
\  gineers'  Surveying  Instruments.  For  the  most  part,  however, 
I  have  drawn  upon  data  gathered  from  a  great  variety  of 
soiu-ces  during  the  past  fifteen  years. 

I  am  indebted  to  many  engineers  and  to  members  of  the 
faculty  of  the  Sheffield  Scientific  School  for  valuable  sug- 
gestions offered  during  the  preparation  of  this  book.  I  am 
imder  special  obHgations  to  Prof.  C.  S.  Hastings  for  his 
helpful  criticism  of  the  chapters  on  errors,  to  Mr.  C.  S.  Rein- 
hardt for  assistance  in  the  preparation  of  some  of  the  cuts,  and 
to  Mr.  R  S.  Kirby  for  numerous  suggestions  concerning  office- 
work,  as  well  as  for  valuable  help  in  the  preparation  of  illus- 
trative examples  in  Part  II.  Grateful  acknowledgment  is  also 
made  of  the  help  received  from  my  colleague,  Mr.  C.  S.  Famham, 
and  from  Mr.  C.  A.  Wheeler  of  the  Connecticut  Agricultural 
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Collegq.  Mr.  Famham,  besides  contributing  knowledge  gained 
from  practical  experience,  has  been  of  great  assistance  in  the 
preparation  of  the  manuscript.  Mr.  Wheeler  has  read  the  entire 
proof  with  great  care,  and  has  made  important  corrections  and 
additions. 

Acknowledgments  are  due  to  Professors  Ives  and  Hilts  for 
the  use  of  Table  III,  reprinted  from  their  Problems  in  Survey- 
ing; to  Professors  Merriman  and  Brooks  for  Tables  VI,  IX, 
and  X,  reprinted  from  their  Hand  Book  for  Surveyors;  and  to 
Professor  Searles  for  Tables  VIII,  XI,  XIV,  XV,  XVI,  and 
XVIII.  Table  XVII  is  from  Carhart's  Field  Book  for  CivU 
Engineers. 

John  C.  Tract. 

Nbw  Havkn,  CoimEcncuTa 
August.  1907« 
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TV)  THB  Studkmts 

The  theory  of  plane  surveying  is  surprisin^y  simple,  but  the  application 
ci  the  theory  in  practice  is  more  difficult.  There  is  not  much  to  under- 
stand, but  there  is  a  great  deal  to  remember.  Success  depends  more  upon 
training  and  judgment  than  upon  a  knowledge  of  theory.  You  can  hardly 
expect  in  a  college  course  to  acquire  the  skill  which  comes  from  long-con- 
tinued repetition,  or  the  judgment  whicn  comes  from  wide  experience. 
On  the  other  hand  you  should  realize  that  the  habits  formed  when  first 
learning  the  use  of  surveying  instruments,  and  the  methods  of  field  work 
acquired  in  college ^tre  apt  to  cling  to  you  long  after  graduation.  It  is 
the  object  of  this  book  not  only  to  explain  the  theory  of  surveying  but  to 
hdp  you  to  acquire  those  habits  and  methods  of  work  that  are  in  accord 
with  the  best  practice*  This  does  not  mean  that  you  can  read  over  the 
practical  suggestions  and  directions  for  field  work  once  for  all  and  then 
remember  them  ever  after.  On  the  contrary,  you  should  take  the  book 
into  the  field  with  you  and  consult  it  constantly.  Study  it  first  for  gen- 
eral principles  and  for  a  few  of  the  most  important  directions,  and  then, 
as  you  have  opportunity,  read  and  reread  portions  of  the  text  in  order 
to  pick  up  the  fine  points  of  good  field  work.  For  example,  you  are  a 
todman  and  are  waiting  for  the  levelman  to  set  up.  Now  is  a  good  time 
to  reread  the  suggestions  for  the  rodman,  page  261.  Or  if  a  member  of 
the  transit  party  with  little  to  do,  read  portions  of  Chapters  IX,  XII,  XIII, 
and  XIV  on  transit  surveying.  In  this  way  much  time  can  be  used  to 
good  advantage  which  would  otherwise  be  wasted. 

Learn  different  methods  of  doing  the  same  thing  and  study  the  advan- 
tages and  disadvantages  of  each  method.  Study  also  the  different  sources 
of  error,  for  field  work  is  a  continual  fight  against  errors.  In  practice  the 
surveyor  aims  to  save  time  and  expense.  Working  thus  imder  pressure, 
it  is  a  great  advantage  to  be  able  in  any  given  case  to  choose  the  most 
suitable  method,  and  to  know  what  sources  of  error  may  be  ignored  and 
what  must  be  eliminated.  Learn  to  check  work  while  it  is  in  progress, 
for  a  considerable  portion  of  a  surveyor's  work  is  in  making  sure  that 
the  remaining  portion  is  correct. 

Finally,  do  not  work  too  much  by  rule,  and  do  not  form  the  * 'hand- 
book habit."  The  sooner  you  are  able  to  work  without  help  from  this 
book  the  better  the  book  will  serve  its  purpose.  Throughout  the  course 
maintain  an  attitude  of  questioning.  Do  not  accept  what  an  instructor 
says  or  what  the  book  tells  you  as  gospel  truth.  Constantly  ask  yourself 
'Why  *  and  do  not  rest  satisfied  until  you  know  why.  This  is  the  spirit 
which  will  enable  you  to  get  the  most  out  of  the  course. 

J.  0.  T. 
zxvii 


PLANE    SURVEYING 


Part  I 
FIELD   WORK 


CHAPTER  I 
INTRODUCTION 

Fundamental  Principles  and  General  Methods 

1.  The  Earth's  Surface  is  understood  in  geodesy  to  be 
the  surface  of  a  globe  as  determined  by  the  mean  level  of  the 
oceian.  The  actual  surface  of  the  land  is,  for  the  most  part, 
above  the  earth's  surface.  It  is  not  necessary,  however,  to 
make  this  distinction  in  ordinary  surveying  except  when  dealing 
with  elevations.  The  earth's  surface  is  generally  spoken  of  as 
a  sphere;  it  is  more  nearly  an  oblate  spheroid  of  revolution. 

The  longer  axis  is  in  the  plane  of  the  equator,  the  shorter  from  pole  to 
pole.  The  lengths  as  generally  used  in  geodesy  are:  long  axis  41  852  124 
ft.,  short  axis  41  710  242  ft.— a  diflference  of  141  882  ft.,  or  about  26.87 
miles.     The  average  radius  of  the  earth's  surface  is  therefore  3956.5  mileSr 

2.  Sea  Level  is  understood  to  be  the  mean  between  high 
and  low  tides.  It  can  be  determined  at  any  place  by  means 
of  self-registering  gages,  the  observations  extending  over  a  long 
period  of  time. 

3.  Horizontal  and  Vertical  Planes.    At  any  given  point 

on  the  earth's  surface  there  can  be  but  one  vertical  line,  i.e., 

a  line  to  the  earth's  center  as  indicated  by  a  plumb-line.    A 

plane  perpendicular  to  this  line  is  a  horizontal  plane.  A  plane 

passed  through  this  hne  is  a  vertical  plane.    At  any  given  point 

there  can  be  but  one  horizontal  plane;    there  can,  however, 

be  an  mdefinite  number  of  vertical  planes. 

Remark.  A  level  §iarface  is  not  a  horizontal  plane,  indeed  it  is  not  a 
plane  at  tdL  but  a  surface  which  is  at  every  point  perpendicular  to  a  plumb- 
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line  at  that  point.  If  the  plumb-line  at  every  point  pointed  to  the  senith, 
a  level  surface  would  conform  to  the  earth's  surface  (an  oblate  spheroid), 
but  owing  to  the  irregular  distribution  of  mass  there  are  man^  deviations 
of  the  plumb-line,  and  a  level  surface  follows  all  such  deviations.  These 
deviations  of  the  plumb-line  are  not  taken  into  account  in  plane  survey- 
ing. 

4.  Surveying.  Making  such  observations  and  measurements 
as  will  determine  the  relative  positions  of  points  on  the  earth's 
surface. 

Measurements  may  be  either  angular  or  linear. 

5.  Plane  Surveying.  Surveying  in  which  all  measurements 
are  either  made  or  reduced  parallel  to  a  horizontal  or  vertical 
plane. 

In  plane  surveying  the  curvature  of  the  earth's  surface  *  is  not  taken 
intd  accoimt,  in  geodetic  surveying  it  is;  hence  the  necessity  for  the  two 
terms  plane  and  (feodetic.  For  ordinary  eurveys,  extending  over  small 
areas,  the  methods  of  plane  surveying  involve  no  appreciable  errors.  The 
limit  is  roughly  placed  at  about  100  square  miles,  although  plane  surveys 
of  much  greater  extent  are  often  made  when  great  accuracy  is  not  required. 

The  diflference  in  length  between  the  arc  on  the  earth's  surface  and  a 
straight  line  is  only  about  0.05  ft.  in  Hi  miles,  0.5  ft.  in  23  miles,  and 
1.0  ft.  in  34i  miles. 

6.  Horizontal  and  Vertical  Measurements.  There  are 
four  kinds  of  measurements  used  in  plane  surveying: 

HoBizoNTAi<  Vertical 

1.  Horizontal  Distances  3.  Vertical  Distances 

2.  Horizontal  Angles  4.  Vertical  Angles 

Remark,  In  exceptional  cases  linear  measurements  are  some- 
times made  along  ah .  inclined  sur- 
face, but  these  measurements  are 
afterwards  reduced  to  a  horizontal 
or  vertical  basis.  It  is  important 
that  the  student  should  understand 
at  the  outset  the  distinctions  as 
illustrated  in  Fig.  6. 

Illustration.  Let  A  be  a  point  at  the  bottom  of  a  hill  and  B  a  point 
at  the  top.  The  distance  AB  as  understood  in  survejdng  is  not  the  air- 
line distance  AB  but  its  horizontal  projection  AC.  Again,  let  H,  D,  and 
O  be  points  in  the  same  horizontal  plane,  B  a  point  in  a  vertical  line 
through  H,  and  F  a  point  in  a  vertical  line  through  O*  The  angle  EDF 
as  understood  in  survesdng  is  not  the  actual  anele  between  the  two  lines 
ED  and  DF,  but  the  horizontal  projection  of  that  angle,  i.e.,  the  angle 
HDO,  which  lies  in  a  horizontal  plane  through  D,  the  vertex. 

BC,  EH,  and  FG  are  vertical  distances  and  BAC,  EDH,  and  FDO  are 
vertical  angles.  If  A  is  at  the  sea-level,  BC  is  the  elevation  of  B  above 
the  mean  surface  of  the  earth ;  if  both  A  and  B  are  above  the  sea-level, 
then  BC  is  simply  the  difference  in  elevation  of  A  and  B. 

♦About  0.7  ft.  in  one  mile  or  0.6672)2  miles  ==  curvature  jn  fgg(^  where 

D  is  the  distance  in  miles,  i.e..  Curvature  »  ^  ^^^  of  distance 

Mean  diameter  of  earth 
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7.  Units  of  Measurement,  (a)  Linear  Units.  In  the  United 
States  the  unit  of  length  is  the  foot.  The  surveyor  uses  decimal 
parts  of  a  foot  instead  of  inches  and  fractions  of  an  inch.  For 
example^  in  surveying  50  ft.  9  in.  is  usually  given  as  50.75  ft. 
It  is  seldom  necessary  to  give  measurements  closer  than  the 
nearest  thousandth  of  a  foot;  more  often  the  nearest  hundredth 
or  even  tenth  of  a  foot  will  answer  every  purpose. 

Angular  units.  Angles  are  measured  in  degrees,  miniUes,  and 
seconds,  60  sec.  =  1  min.;  60  min.=»l  deg.  One  degree  is  yj^ 
part  of  the  circumference  of  a  circle.  Usually  angles  are 
measured  to  the  nearest  minute  or  half-minute. 

(o)  Changing  decimala  of  a  foot  to  inches.  For  the  student  who  \a  accus- 
tomed to  fractions  of  an  inch  but  not  to  decimals  of  a  foot  it  is  helpful 
to  remember  that  0.01  ft.  is  approximately  \  inch.  A  difference,  for 
example,  between  two  measurements  of  0.01  ft.  seems  almost  inappre- 
ciable to  the  average  student  tmtil  he  realizes  that  it  is  i  inch.  Having 
fixed  this  relation  in  mind  he  can  readily  convert  decimals  of  a  foot  to 
inches  and  vice  versa. 

lUuatraiion.  0.04  ft.-4Xi"  =  i",  0.07  ft.«7Xi"  =  i".  0.1  ft.- 10 X 
f  «» li".  These  values  are  only  approximatelv  correct,  but  near  enough 
:or  most  piuposes,  as  seen  from  the  following  table: 


iches 

Approximate 

To  five  places 

0.01  ft, 
0.04  •• 
0.08  •* 

0.10  •• 

0.01042 
0.04167 
0.08333 
0.10417 

t 


(b)  Other  Units.  In  certain  kinds  of  work  it  is  convenient  for 
the  surveyor  to  use  feet  and  inches,  and  it  is  often  necessary 
to  change  inches  to  a  decimal  of  a  foot  and  vice  versa,  A  useful 
table  for  this  purpose  is  given  in  the  back  of  this  book.  The 
foot  is  one  third  of  the  length  of  the  standard  yard.  The  standard 
yard  is  a  length  fixed  by  a  standard  bar  at  62®  Fah.  This  stand- 
ard length  was  originally  an  arbitrary  one.  The  standard  bar 
is  kepi  in  the  Standards  Department  of  the  Board  of  Trade  in 
London.  In  some  countries,  France  for  example,  the  meter  is 
the  standard  of  length.  One  meter =3.2808333  ft.  The 
tmit  of  length  in  Spanish  measures  is  the  vara,  several  values 
of  which  seem  to  be  in  use,  viz.:  California,  1  vara  =  33  inches; 
Texas,  1  vara =33 J  inches;  Mexico,  1  vara =32.9931  inches. 

In  land  surveying  Gunter's  chain  gives  rise  to  other  units,  viz., 
the  chain  and  the  link,  1  chain=66ft.,  1  link = 66 -^  100 =0.66  ft. 
or  7.92  inches.  This  unit  is  based  upon  the  fact  that  ten  square 
chains  equal  an  acre,  i.e.,  10X66^=43  560  square  ft.  =  l  acre. 
To  reduce  links  to  feet:  Subtract  as  many  units  as  there  are 
hundreds  of  links  and  take  i  of  the  remainder. 

lUustratum.    50  links=(50-0.50)Xf =33  ft. 
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8.  Seven  Methods  of  Locating  a  Point.  The  object  of 
surveying  is  to  determine  the  relative  positions  of  points.  To 
locate  a  point  its  position  with  respect  to  at  least  two  other 
points  must  be  known.  Let  A  and  B  be  two  points  of  reference, 
and  P  a  point  to  be  located  with  respect  to  A  and  B.  The  five 
most  common  methods  are: 


Fia.  8a. 

1.  By  the  two  distances  AP  and  BP, 

2.  By  the  distances  AC  and  CP  when  the  angle  at  C  is  90®. 
(CB  may  be  used  in  place  of  AC.) 

3.  By  the  angle  at  A  and  the  distance  AP,  (Or  the  angle  at  B 
and  the  distance  BP.) 

4.  By  the  angle  at  A  and  the  distance  BP.  (Or  the  angle  at 
B  and  the  distance  A  P.) 

5.  By  two  angles,  one  at  A,  the  other  at  B, 

Notice  that  in  the  first  two  methods  no  angles  are  measured, 
and  that  in  the  fifth  method  no  distances  are  measured,  the 
distance  from  A  to  5  being  known. 

Compare  the  fourth  method  with  the  third,  since  in  each 
method  one  angle  and  one  distance  are  meas- 
^^  ^  ured. 

(6)    D\      •'^^  ^^^  o^/icr  methods  used  for  locating  a  point 

""v'"  ^        are: 

6.  By  the  intersection  of  two  straight  lines 
A  ^?     between  four  known  points  A,  B,  Cj  and  D, 

^g)  "^^P^"*^  7.  By  two  angles  taken  at  the  point  to  be 

^^^'  ^''^D     located,  and  formed  by  lines  to  three  known 

points  E,  F,  and  G. 

-       »  In   these    two   methods    no   distances   are 

\     ;  measured,  although  of   course   the  distances 

(7)  \\l  ^.  .G     between   the   given   points   of  reference   are 

^^V^  known.    The  seventh  method  is  the  only  one 

P  of  all  seven  methods  in  which  an  angle  is 

Fio.  8Zw  measured  at  the  point  to  be  located. 
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Remark,  A  large  part  of  surveying  consists  in  locating  two  or  more 
ixMnts  or  stations  with  respect  to  each  other,  and  then  locating  boundary- 
lines,  houses,  roads,  streams,  and  other  details  with  respect  to  these 
stations.  It  is  simply  performing  on  a  large  scale  many  of  the  familiar 
operations  of  the  drafting-room,  using  the  tape  in  place  of  a  scale,  and  a 
transit  in  place  of  a  protractor. 

9.  Surveying, — General  Methods.  The  work  of  the  sur- 
veyor may  be  divided  into  three  parts:  (1)  Field  Work;  (2) 
Office  Work;  (3)  Care  and  Adjustment  of  Instrum^ts, 

(a)  Field  Work.  The  primary  operations  in  field  work  are: 
(1)  Measuring  distances  (Chaps. ,  IV  and  V);  (2)  Measuring 
angles  (Chaps.  VIII-X);  and  (3)  Recording  field  notes  (Chaps.  Ill 
and  XV).  Some  of  the  things  which  the  surveyor  has  to  do 
and  which  involve  these  three  primary  operations  may  be 
outlined  as  follows: 

(4)  Establishing  points  and  lines  of  reference  with  respect 
to  which  all  details  of  the  survey  are  located  (Chaps.  XI  and 
XII). 

(5)  Locating  details  of  the  survey  with  respect  to  the  reference- 
points  and  lines  referred  to  in  (4)  (details  such  as  boundary- 
lines,  streets,  buildings,  fences,  rivers,  bridges,  and  other  im- 
portant features  of  the  tract  surveyed)  (Chaps.  XIII  and  XIV), 

(6)  Staking  out  roads,  boundaries,  buildings,  masonry  struc- 
tures, and  other  .details,  the  reverse  of  (5)  (Chap.  XVII). 

(7)  Establishing  parallel  lines,  perpendiculars,  measuring  to 
inaccessible  points,  measuring  inaccessible  distances,  running 
straight  lines  through  obstacles,  and  doing  other  special  work 
depending  upon  geometrical  or  trigonometrical  constructions 
(Chaps.  VII  and  XVIII). 

(8)  Determining  the  relative  elevations  of  points  (Leveling, 
Chaps.  XIX-XXII). 

9.  Making  topographic  surveys  in  which  horizontal  and  ver- 
tical measurements  are  combined  (Chap.  XXVII). 

(6)  Office  Work.  The  indoor  work  of  the  surveyor  consists 
chiefly  of  (1)  drawing ,  and  (2)  computing.  The  drawing  con- 
sists mainly  in  plotting  measurements  to  scale,  and  therefore, 
to  a  large  extent,  in  reversing  on  paper  the  operations  in  the 
field.  The  computing  is  of  two  kinds  (1)  that  made  for  pur- 
poses of  plotting,  and  (2)  that  made  in  order  to  obtain  necessary 
data  and  information  concerning  the  tract  surveyed.  Some  of 
the  things  done  in  the  office,  which  are  treated  in  detail  in  Part 
II,  may  be  outlined  as  follows: 

(1)  Working  up  field  notes  preparatory  to  plotting. 


6  FUNDAMENTAL  PRINCIPLES 

(2)  Plotting  reference  points  and  lines  which  form  the  skeleton 
of  the  map. 

(3)  Plotting  details  by  measurements  from  the  reference  points 
and  lines  referred  to  in  (2). 

(4)  Finishing  up  the  map,  tracing,  lettering,  and  blue-printing. 

(5)  Calculating  bearings,  latitudes  and  departures,  unmeasured 
distances  and  angles,  adjusting  measurements,  balancing  errors, 
and  making  other  computations  necessary  for  plotting. 

(6)  Calculating  areas,  dividing  up  land,  calculating  angles 
and  distances  to  be  laid  off  in  the  held,  and  making  computations 
to  obtain  all  other  data  which  may  be  desired. 

(7)  Preparing  level  notes  for  plotting. 

(8)  Plotting  profiles,  contour  lines,  and  other  level  notes. 

(9)  Finishing  up  profiles, 

(10)  Calculating  grades,  cut  and  fill,  and  making  other  earth- 
work computations. 

(c)  The  Care  and  Adjustment  op  Instruments  implies  a 
thorough  acquaintance  with  the  instruments  themselves;  for 
the  most  part  this  must  be  gained  in  the  field, — not  from  books. 
There  is  much,  however,  concerning  the  construction  of  survey- 
ing instruments  which  is  not  evident  from  inspection,  and  there 
are  certain  directions  for  their  care  and  adjustment  which 
should  also  be  given.  This  information  will  be  found  in  Part 
III. 

10.  Important  Questions  in  Surveying  which  arise  in 
connection  with  the  field  work  are:  (1)  Degree  of  accuracy 
required;    (2)  Methods  to  be  used;    (3)  Instruments  to  be  used; 

(4)  Errors,  their  sources,  relative  importance,  and  prevention; 

(5)  Speed;  (6)  Systematizing  the  work;  (7)  Justifiable  -cost  of 
the  survey.  These  questions  are  closely  related  to  each  other, 
and  depend  to  a  large  extent  on  the  purpose  for  which  a  survey 
is  made. 

1 1.  The  Purpose  of  a  Survey.  The  following  illustrations 
indicate  how  the  purpose  of  a  survey  helps  to  determine  the 
degree  of  accuracy  required  and  to  decide  other  questions 
suggested  in  the  preceding  article. 

Illustrations.  A  particular  survey  may  be  for  the  purpK)se  of 
making  a  rough  map,  plotted  to  small  scale,  say  1  inch  =200 
feet.  The  points  will  not  be  plotted  nearer  than  jh^h  of  an 
inch;  hence  it  is  useless  to  take  measurements  nearer  than  to 
the  nearest  two  feet. 
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Another  survey  may  be  for  a  map  also  to  small  scale,  but 
exact  measurements  are  wanted  and  will  be  printed  on  the 
map.     Accurate  measurements  must  be  made  accordingly. 

A  survey  is  made  of  a  farm  worth  $20  an  acre.  The  value  of 
the  land  does  not  warrant  great  expense,  probably  not  more 
than  10  to  25  cents  per  acre:  but  very  accurate  work  costs 
money;  hence  very  accurate  work  cannot  be  done,  and  the 
method  used  would  be  a  compass  survey  or  some  other  quick 
method. 

A  survey  is  made  of  a  city  lot  worth  $1000  a  front  foot.  Every 
fraction  of  a  foot  is  valuable;  hence  time  and  expense  are  not 
spared  in  getting  an  accurate  survey. 

A  surveyor  stakes  out  a  dirt  road;  he  sets  the  stakes  as 
nearly  on  line  and  gives  the  corresponding  grades  as  nearly 
as  he  can  without  wasting  time  in  splitting  hairs.  If,  however, 
he  is  giving  curb-line  and  grade  for  a  permanent  pavement, 
the  work  must  be  done  with  greater  precision.    • 

12.  Errors  in  Surveying.  It  is  essential  that  the  student, 
early  in  his  course,  should  learn  to  distinguish  between  the 
different  kinds  of  errors  in  surveying,  to  recognize  their  relative 
importance,  and  to  use  the  customary  methods  of  prevention, 
correction,  and  distribution.  This  subject  is  at  once  so  large 
and  so  important  that  the  whole  of  the  next  chapter  is  devoted 
to  it. 

13.  Accuracy  in  Surveying,  As  indicated  in  Art.  11,  p.  6, 
the  purpose  of  a  survey  and  the  value  of  the  land  largely  deter- 
mine the  accuracy  needed  in  the  field  work.  In  addition,  the 
surveyor  may  be  handicapped  by  rough  country,  too  short  a 
time  for  work,  too  small  a  party,  poor  instruments,  bad  weather, 
and  many  other  unfavorable  conditions. 

(o)  Limits  of  error,  therefore,  cannot  be  given  once  for  all. 
Before  beginning  a  survey  a  surveyor  should,  if  possible,  establish 
limits  of  error  for  himself,  i.e.,  how  close  to  read  angles,. how 
accurately  to  measure  distances.  In  this  he  is  guided  by  his 
own  experience  and  that  of  others.  He  should  know  what  is 
considered  good  work  under  given  conditions.  Rules  for  limits 
of  error,  however,  cannot  be  applied  blindly.  The  best  sur- 
veyor is  not  he  who  is  extremely  accurate  in  all  his  work,  but 
he  who  does  it  just  accurately  enough  for  the  purpose  without 
waste  of  time  or  money. 

(6)  Consistent  accuracy*    In  fixing  limits  of  error  for  angles 
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and  distances,  have  the  two  consistent.  There  is  no  use  in  meas- 
uring angles  accurately  and  corresponding  distances  roughly, 
or  vice  versa.  Measure  one  as  carefully  or  as  roughly  as  the 
other. 

Not  all  the  work  of  a  survey  is  done  with  the  same  precision. 
Transit  lines,  since  they  form  the  basis  of  all  measurements,  are 
usually  run  with  care,  for  an  error  in  angle  or  distance  affects 
the  whole  survey,  but  an  error  in  the  angle  or  in  the  distance  to 
a  corner  of  a  building,  for  example,  affects  only  the  location  of 
that  comer  and  not  the  whole  survey.  If  land  is  valuable, 
boundaries  are  usually  located  with  more  care  than  buildings 
and  other  details  for  obvious  reasons.  Make  the  precision  of  each 
step  in  the  field  work  correspond  to  the  importance  of  that  step, 

14.  Speed  in  surveying  depends  to  a  large  extent  on  skill 
in  handUng  instruments.     Equally  important  are: 

(1)  Planning  the  survey  and  laying  out  the  work.  A  little 
foresight  in  thew  choice  of  methods,  choice  of  instruments,  choice 
of  stations,  and  the  use  of  common  sense  in  deciding  similar 
questions  will  save  time. 

(2)  Working  with  consistent  accuracy.  Much  time  is  wasted, 
not  only  by  students  but  by  experienced  surveyors,  in  needless 
refinements. 

(3)  Systematizing  the  work  in  order  to  avoid  delays  and  to 
save  unnecessary  operations. 

Speed  is  not  necessarily  the  result  of  hurrying;  it  is  more 
apt  to  be  the  result  of  economizing  time  along  the  Hues  suggested 
in  this  article. 

15.  System  in  surveying  not  only  economizes  time  but 
diminishes  the  chances  of  error.  There  are  many  things  in 
handling  instruments  and  in  other  operations  of  field  work 
which  can  be  done  always  in  the  same  way.  If  one  is  system- 
atic, much  of  this  work  becomes  second  nature,  and  mistakes 
are  .thus  avoided.  Even  when  a  mistake  has  been  made  one 
will  often  become  conscious  of  it  because  of  the  violation  of 
some  fixed  habit  and  so  can  find  the  error  and  correct  it.  For 
similar  reasons  system  is  equally  valuable  in  recording  notes 
and  in  office  computations,  and  much  of  the  value  of  a  young 
surveyor's  services  lies  in  his  knowledge  of  his  employer's  sys- 
tem, and  in  his  ability  to  work  in  that  system. 

16.  Equipment.  The  equipment  needed  both  for  field 
work  and  for  office  woik  is  described  in  Part  III. 


CHAPTER  n 

ERRORS 

In  tbe  first  part  of  this  chapter  the  aim  is  to  define  the  different  kinds 
of  error,  and  to  show  how  these  errors  a£fect  measurements;  also  to  ex- 
idain  how  the  most  probable  or  best  value  of  a  quantity'  may  be  obtained, 
and  how  the  precision  of  measurements  may  be  judged:  In  the  second 
part  of  the  chapter  a  brief  review  of  the  method  of  least  squares  is  given 
in  BO  far  as  that  method  is  likely  to  be  used  in  plane  surveying. 

Methods  of  preventing  or  eliminating  errors,  and  the  relative  importance 
of  errors  from  different  sources,  will  he  treated  more  in  detail  in  subse- 
quent chapters. 


17.  Error.  No  measurement  in  surveying  can  be  exact. 
The  difference  between  a  measurement  and  the  true  value  of 
the  quantity  measured  is  the  true  error  of  that  measurement. 
The  true  error  of  a  measurement  is  never  known^  for  the  true 
value  of  the  quantity  measured  is  never  known.  How  then 
can  a  surveyor  judge  of  the  precision  of  his  measurements, 
and  how  can  he  determine  the  most  probable  or  best  values 
of  the  quantities  measured?  These  are  the  main  questions  to 
be  considered  in  any  discussion  of  errors. 

18.  Sources  of  Error.  (1)  Natural;  (2)  Instrumental;  (3) 
Personal. 

(1)  Natural.  Temperature,  wind,  refraction,  action  of 
gravity,  obstacles  to  measurement. 

(2)  Instrumental.  Imperfections  in  the  construction  and 
adjus^ent  of  instruments.  Expansion,  contraction,  and  other 
possible  changes  in  the  instruments. 

(3)  Personal.  Imperfections  of  hmnan  sight  and  touch. 
Actual  mistakes. 

19.  Three  Classes  of  Errors.  (1)  Mistakes;  (2)  Constant 
errors;  (3)  Accidental  errors.  If  a  measurement  of  a  quantity 
is  greater  than  the  true  value  of  that  quantity,  the  error  is  plus; 
if  less  than  the  true  value,  the  error  is  minus.    The  total  error 
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is  not  due  to  any  one  cause,  but  it  is  the  algebraic  sum  of  errors 
due  to  different  causes. 

Mistakes  are  errors  which  have  their  source  in  the  mind  of 
the  observer. 

Constant  errors  are  those  which  occur  from  well-understood 
causes  and  can  be  eliminated. 

Accidental  errors  are  those  which  remain  after  mistakes  and 
constant  errors  have  been  eliminated. 

An  accidental  error  is  as  likely  to  be  plus  as  minus,  but  a 
constant  error  under  given  conditions  always  has  the  same 
sign  and  the  same  magnitude. 

Thus,  for  example,  if  a  tape  is  J"  too  long  because  of  high 
temperature,  this  is  a  constant  error,  because  under  the  same 
conditions,  i.e.,  the  same  temperature,  the  tape  will  always 
be  i"  too  long.  Under  changed  conditions,  i.e.,  low  tempera- 
ture, the  tape  may  become  too  short;  then  the  sign  of  the  error 
is  changed.  This  illustrates  how  a  constant  error  from  a  given 
source  may  be  plus  or  it  may  be  minus,  but  under  the  same 
conditions  it  cannot  be  plus  or  minus.  Suppose,  on  the  other 
hand,  that  an  observer  in  measuring  between  two  points  makes 
an  error,  in  reading  the  tape,  so  small  that  he  cannot  detect 
it.  This  accidental  error  is  as  likely  to  be  plus  as  minus,  and 
if  he  repeats  the  measurement  he  is  liable  to  make  a  similar 
error  and  that,  too,  is  as  likely  to  be  plus  as  minus. 

If  a  measurement  is  repeated  a  number  of  times  under  pre- 
cisely the  same  conditions,  the  constant  error  is  the  same  for 
each  measurement,  both  in  sign  and  magnitude.  It  is  not 
reduced  or  affected  in  any  way  by  taking  the  mean  of  all  the 
measurements.  The  accidental  error  of  each  measurement,  on 
the  contrary,  is  as  likely  to  be  plus  as  minus,  and  the  accidental 
error  of  the  mean,  therefore,  is  likely  to  be  less  than  the  acci- 
dental error  of  any  one  measurement.  Theoretically,  that  part 
of  the  total  error  due  to  accidental  errors  would  entirely  dis- 
appear from  the  means  of  an  indefinitely  large  series  of  ob- 
servations, taken  under  precisely  the  same  conditions;  that 
part  due  to  constant  errors  would  still  remain. 

(a)  lUiistrations.  A  few  illustrations  of  the  three  classes  of  errors  will 
help  to  make  the  distinctions  clear: 

Mistakes.  Errors  due  to  carelessness,  inexperience,  and  mental  con- 
tusion, such  as  mistakes  in  reading  the  tape,  the  vernier,  or  the  level-rod; 
keeping  the  wrong  count  of  tape-lengths;  turning  the  wrong  tangent  screw; 
oighting  at  the  wrong  station. 

Constant  errors.     Errors  due  to  such  well-understood  sources  as  tern- 
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perature,  sag,  puU,  imperfect  graduation,  and  imperfect  adjustments  of 
mstruments. 

Accidental  errors.  Errors  due  to  imperfections  of  h^iman  sight  and 
touch  which  render  it  impossible  to  make  exact  readings,  to  know  when 
the  cross-hair  exactly  bisects  a  signal,  to  handle  instruments  delicately; 
sudden  and  imperceptible  changes  in  an  instrument  itself;  indeterminate 
variationa  in  pull,  temperature,  and  certain  other  sources  of  constant 
errors.  „  .    .  .  ,.^     , 

(6)  Remark.  When  mistakes  are  very  small  it  is  sometimes  difficult  to 
distinguish  them  from  accidental  errors.  It  is  to  be  noticed  abo  that 
while  temperature  is  a  source  of  constant  error,  variationa  of  temperature 
too  small  to  be  measured  may  be  classed  as  accidental  errors;  the  same 
is  true  of  small  variations  in  some  of  the  other  sources  of  constant  errors. 

Notice  also  that  constant  errors  from  different  sources  tend  to  balance 
each  other  when  some  are  plus  and  some  are  minus ;  as,  for  example,  when 
the  error  in  chaining  due  to  high  temperature  tends  to  balance  error  due 
to  sag.  Ag;ain,  constant  errors  from  the  same  source  may  tend  to  balance 
each  other  in  the  mean  of  measurements  taken  under  different  conditions, 
as,  for  example,  when,  in  chaining,  part  of  the  measurements  of  a  Une  are 
made  when  the  temperature  is  above  the  standard  temperature  for  the 
tape,  and  part  when  it  is  below. 

(c)  Cumulative  and  compensating  errors.  When  the  value  of 
a  quantity  is  found  by  adding  together  the  measurements  of 
several  smaller  quantities,  any  source  of  constant  error  becomes 
a  source  of  cumulative  errors,  because,  under  given  conditions, 
a  constant  error  always  has  the  same  sign;  on  the  other  hand, 
any  source  of  accidental  error  becomes  a  source  of  compensating 
errors,  since  for  each  of  the  separate  measurements  the  sign 
is  as  likely  to  be  plus  as  minus.  Compensating  errors  tend  to 
balance  each  other,  while  the  cumulative  errors  from  any  one 
source  affect  the  total  result  in  the  same  way. 

W")  lUuatrationa.  Any  constant  error  in  the  length  of  a  tape  becomes 
cumulative  when  the  tape  is  applied  several  times  in  measuring  a  line, 
Le.,  when  the  tape-lengths  are  added  together,  for  the  total  error  due 
to  that  cause  will  vary  in  direct  proportion  to  the  number  of  tape-lengths. 
On  the  other  hand,  errors  which  occur  in  marking  where  the  end  of  the 
tape  comes  each  time  that  it  is  stretched  are  compensating,  for  the  chances 
are  that  if  one  tape-length  is  marked  too  long  the  error  will  be  balanced 
by  another  tape-length  marked  too  short. 

E^ors  due  to  the  settling  of  the  instrument  in  leveling  are  cumulative, 
bamuse  the  eflfect  is  always  the  same:  it  makes  the  calculated  elevations 
of  succeeding  points  too  high.  Errors  due  to  the  difficulty  of  telling  when 
the  cross-hair  exactly  bisects  the  target  are  compensating. 

20.  Discrepancies.  In  ordinary  surveying  most  of  the  dis- 
tances, angles,  and  elevations  are  measured  but  once.  An 
important  measurement,  however,  is  often  repeated,  and  if  the 
discrepancy  is  too  large  the  quantity  is  measured  a  third  time. 

A  large  discrepancy  between  two  measurements  of  the  same 
quantity  indicates  a  mistake  in  the  work,  but  it  does  not  follow 
that  because  the  discrepancy  is  small  the  error  is  small.  The 
discrepancy  is  not  an  error,  it  is  simply  the  difference  between 
two  measurements  each  of  which  contains  an  error  that  may 
be  very  large.    This  is  an  important  point  too  often  overlooked. 


1 


12  ERRORS 

(a)  lUuatraiion.  A  surveyor  measures  a  line,  the  true  length  of  which 
is  4()0  ft.,  with  a  tape  which,  unknown  to  him,  is  jt  ft.  too  short.  The 
first  time  he  gets  402  ft.  and  the  second  time  402.05.  The  discrepancy- 
is  only  0.05  ft.,  indicating  that  he  has  made  no  serious  mistake,  but  tfa^e 
true  error  is  2  ft.  for  the  first  measurement  and  2.05  ft.  for  the  second. 

21.  Elimination  of  Constant  Errors.  The  discrepancy 
between  the  two  measurements  in  the  preceding  illustration 
did  not  indicate  the  true  error,  because  of  a  constant  error  in  the 
length  of  the  tape  which  no  amount  of  rej>eating  the  measure- 
ment under  the  same  conditions  could  reveal.  The  surveyor 
should  have  known ^at  his  tape  was  J  ft.  too  short,  and  have 
corrected  his  measurements  accordingly;  then  the  discrepancy 
would  have  indicated  more  nearly  the  precision  of  his  work. 
This  illustrates  why  it  is  the  first  business  of  the  surveyor  to 
eliminate  constant  errors  as  far  as  practicable.  A  mistake, 
as  revealed  by  a  discrepancy,  may  then  be  corrected  by  again 
repeating  the  measurement.  Constant  errors  and  mistakes 
having  been  eliminated  only  accidental  errors  remain,  and 
these  may  be  reduced  by  taking  the  arithmetical  mean. 

As  pointed  out  on  p.  11,  under  certain  conditions  constant 
errors  become  cumulative,  while  accidental  errors  are  com- 
pensating; hence  the  obvious  importance  of  eliminating  con- 
stant errors  in  chaining,  in  leveling,  and  in  all  similar  work 
involving  the  summation  of  separate  measurements. 

22.  Prevention  and  Elimination  of  Errors,  (a)  Mistakes 
are  best  discovered  by  systematic  checks.  Checking  work,  an 
essential  part  of  all  surveying,  consists  in  comparing  results 
with  known  conditions. 

Illustrations.  The  discrepancy  between  duplicate  measurements  should 
be  small;  the  sum  of  two  or  more  measurements  should  equal  another 
measurement,  as,  for  example,  when  the  sum  of  two  angles  should  equal 
a  third  angle ;  the  siun  of  two  or  more  measurements  should  fulfill  some 
known  condition,  as,  for  example,  the  interior  angles  of  a  triangle  should 
add  up  180°. 

(6)  Constant  errors  are  prevented  or  eliminated  partly  by 
systematic  methods  of  field  work,  partly  by  calculation  and 
correction. 

IllustraJtiona.  Errors  due  to  imperfect  adjustment  can  be  eliminated  by 
certain  systematic  methods  in  the  use  of  instruments,  such,  for  example, 
as  the  method  of  double  reverse  or  making  backsights  and  foresights 
equal  in  leveling.  Reading  both  verniers  on  a  transit  eliminates  error 
due  to  eccentricity.  Each  of  these  examples  illustrates  how  by  taking 
observations  in  pairs  a  plus  error  from  a  certain  source  of  constant  error 
may  be  offset  by  a  minus  error  from  the  same  source. 

Errors  in  chaining  due  to  temperature  can  be  calculated  and  corrected; 
so  can  errors  due  to  sag  and  pull,  though  it  is  better  to  prevent  them  by 
taking  proper  precautionflii     (See  Chapter  V.) 
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(c)  Accidental  errors  cannot  be  eliminated,  but  they  follow  a 
mathematical  law, — the  law  of  probability, — according  to  which 
they  may  be  greatly  reduced  by  comparing  the  results  of  a  series 
of  measurements.     (See  p.  15.) 

23.  Relative  Importance  of  Errors  from  Different 
Sources.  It  is  evident  that  constant  and  cumulative  errors 
as  a  rule  are  more  important  than  accidental  and  compensating 
errors,  and  that  the  more  measurements  there  are  of  a  quan- 
tity the  less  the  mean  is  affected  by  accidental  errors.  Beyond 
this  it  is  difficult  to  make  any  general  statement.  Any  error 
large  enough  to  be  appreciable  should  usually  be  avoide4  or  cor- 
rected but  appreciable  is  a  relative  term,  and  an  error  which 
is  appreciable  under  certain  conditions  is  inappreciable  under 
other  conditions.  Thus  for  example,  the  error  in  chaining  due 
to  changes  in  temperature  is  an  appreciable  error  provided  the 
precision  required  warrants  the  use  of  a  thermometer,  other- 
wise it  may  be  considered  inappreciable.  Errors  in  plane  sur- 
veying so  small  that  they  are  ignored  would  often  be  considered 
of  great  magnitude  in  geodetic  surveying. 

(a)  Remark  The  more  the  surveyor  knows  about  the  sources  and 
nature  of  errors  the  more  likely  he  is  to  judge  correctly  of  their  relative 
importance.  He  must  know  that  some  sources  of  constant  or  cumulative 
errors  are  more  important  than  others,  and  that  certain  errors,  though 
they  may  be  compensating,  are  not  to  be  ignored.  A  more  thorough  treat- 
ment of  these  questions  is  given  in  the  chapters  on  Errors  in  Linear  Measure' 
mentt  Errors  in  Angular  Measurement,  and  Errors  in  Leveling. 

24.  Probable  Values  and  the  Adjustment  of  Meastu'e- 
ments.  Probable  values  are  found  from  observed  values. 
When  the  relations  between  observed  values  are  complicated  a 
knowledge  of  the  "theory  of  least  squares"  is  necessary.  Some 
simple  cases  which  frequently  occur  in  surveying  may  be  given, 
however,  without  entering  upon  that  subject. 

There  are  two  general  cases,  viz.:  (1)  When  the  measure- 
ments are  of  one  and  the  same  quantity;  (2)  When  the  measure- 
ments are  of  different  but  related  quantities. 

(a)  Several  measwrements  of  the  same  quantity.     The  most 

probable  value  of  the  quantity  is  the  arithmetical  mean  of  all 

the  measurements,  provided  the  measurements  are  made  with 

equal  care, 

lUuMtrattons.  Three  measurements  of  a  line  made  with  equal  care 
are  160.01.  160.1,  and  160.03.  The  most  probable  value  is  (160.01  + 160.1  + 
160.03)  -J- 3  =  160.047.  Four  measurements  of  an  angle  are  30°  29',  30°  31', 
JO*  3l\  and  30°  30'.  The  most  probable  value  is  (30°  29'  +  30°  31' +30°  31' 
+30O  30')-^4-30°  aC  16". 
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{b)  Measurements  of  several  related  quantities.  When  quanti- 
ties are  related  because  of  tv)o  or  more  conditions  which  they 
must  fulfill,  the  problem  of  finding  the  most  probable  values 
of  these  related  quantities  properly  belongs  to  the  "  theory  of 
least  squares."  When,  however,  there  is  only  one  condition 
fixing  the  relations  between  the  quantities,  the  most  probable 
values,  as  a  rule,  can  be  easily  found.  Two  cases  under  this 
head  which  often  arise  in  surveying  are:  (1)  when  the  sum 
of  several  measurements  should  equal  an  exact  quantity,  and 
(2)  when  the  sum  should  equal  some  other  measurement.  In 
the  first  case  the  difference  between  the  sum  and  the  exact 
quantity  is  a  true  error;  in  the  second  case  the  difference 
between  the  sum  and  a  measured  quantity  is  a  discrepancy, 

(c)  Case.  I.  When  the  sum  of  several  measurements  should 
equal  an  exact  quantity  distribute  the  true  error  equally  among 
all  the  measurements.  The  results  will  be  the  most  probable 
values  of  the  measurements. 

Illustration.  The  three  angles  of  a  triangle  add  up  170*^  BV.  The  exact 
quantity  fixing  the  relations  between  the  measurements  is  180**.  The  true 
error  is  1'  or  60".  Hence  add  to  each  of  the  three  angles  one  third  of  60", 
or  20". 

In  the  same  way  the  most  probable  values  of  the  interior  angles  of  any 
polygon  may  be  found  by  finding  the  true  error  of  their  svun  according  to 
the  rule  on  p.  110,  and  distributing  this  error  equally  among  all  the  angles. 
Notice,  however,  that  the  true  error  of  any  one  angle  is  not  known. 

(d)  Case  II.  When  the  sum  of  several  measurements  should 
equal  some  other  measurement  distribute  the  amount  of  the  dis- 
crepancy eqiuiUy  among  all  of  the  measurements,  including  that 
one  to  which  the  sum  should  be  equal.  In  this  case  the  check 
measurement  (i.e.,  the  total  measurement)  cannot  be  exact, 
and,  if  all  the  measurements  are  made  with  the  same  care,  it 
is  likely  to  contain  an  error  equal  to  that  contained  in  each 
of  the  smaller  measurements.  //,  however,  the  correction  is 
added  to  each  of  the  smaller  measurements,  it  must  be  subtracted 
from  the  total  measurement  and  vice  versa, 

(e)  lUtLBtrcUion.  If  in  the  illustration  of  Case  I  the  three  an^es  had 
been  the  three  parts  of  a  fourth  angle  instead  of  the  three  angles  of  a 
triangle,  and  if  the  measured  value  of  the  fourth  angle  were  180*,  then 
180°  - 179°  59'  »=  1'  =  60"  is  the  discrepancy.  The  correction  is  60"  ■+•  4  - 15" 
instead  of  20",  and  this  correction  is  aaded  to  each  of  the  three  smaller 
angles  but  subtracted  from  the  total  angle^  The  most  probable  value  of 
the  latter  is,  therefore,  180° -15"  =  179°  69' 45". 

(/)  lUuatration.  The  measured  value  of  &a  anfl^e  is  40°.  When  di^'ided 
into  two  angles  the  measurements  are  respectively  24°  30'  and  15°  29'. 
The  discrepancy  is  40°  -  (24°  30'  + 15°  29')  - 1'  =  60".  Three  measurements 
of  equal  care  are  involved,  hence  the  correction  is  60"-»-3  — 20"  and  the 
most  probable  values  are  24°  30'  20",  15°  29'  20",  and  39°  59'  40". 

(a).  Remark.  The  essential  difference  between  Case  I  and  Case  II  is 
that  in  Case  I  the  quantity  used  as  a  check  has  a  true  value  which  cannot 
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be  chanced,  while  in  Case  II  the  check  value  is  itself  a  measurement, 
and  liable,  therefore,  to  contain  an  error  eoual  to  that  contained  in  each 
of  the  smaller  measurements.  The  methoa  in  Case  II  does  not  hold  for 
a  number  of  linear  measurements  of  different  lengths. 

25.  The  Theory  of  Errors  or  Method  of  Least  Squares.* 

The  "method  of  least  squares"  is  a  method  of  determining 
the  most  probable  or  best  result  of  observations.  It  is  based 
on  the  assumption  that  accidental  errors  will  entirely  dis- 
appear from  the  mean  of  an  indefinitely  large  series  of  inde- 
pendent observations  of  the  same  quantity  made  under  pre- 
cisely the  same  conditions,  and  that  therefore  if  constant  errors 
are  eliminated  from  these  observations  the  arithmetical  mean  is 
the  most  probable  value  of  that  quantity.  In  practice,  how- 
ever, (1)  an  indefinitely  large  number  of  observations  cannot  be 
made,  (2)  no  two  observations  can  be  made  under  exactly  the 
same  conditions,  and  (3)  constant  errors  cannot  be  entirely 
eliminated.  It  follows,  therefore,  that  the  most  probable  value 
of  a  quantity  is  strictly  a  theoretical  value,  and  that  the  greater 
the  number  of  observations,  and  the  more  completely  constant 
errors  are  eliminated  from  these  observations,  the  nearer  the 
most  probable  value  of  a  quantity  will  approach  the  true  value 
as  a  limit.  It  never  reaches  this  limit  (or  if  it  did,  there  would 
be  no  means  of  knowing  it),  and  therefore,  no  matter  how 
accurate  the  observations  may  be,  the  probable  value  always 
contains  an  error. 

(a)  A  residual  is  the  difference  between  the  value  of  a  quan- 
tity as  obtained  by  a  single  observation  and  the  most  probable 
value  of  that  quantity  as  obtained  by  a  number  of  observations. 
In  any  given  case  there  are  as  many  residuals  as  there  are 
observations. 

(6)  The  probable  error  of  a  quantity  is  a  magnitude  such  that 

the  chances  are  even  that  the  true  error  contained  in  that 

quantity  is  greater  or  less  than  the  probable  error. 

lUtistration.  A  series  of  measurements  of  the  length  of  a  line  gives 
for  the  mean  or  most  probable  value  528.91  ft.,  and  the  probable  error 
of  that  mean,  determined  by  a  method  to  be  explained  later,  is  ±0.034  ft. 
Tliis  means  that  it  is  an  even  wager  that  the  true  error  contained  in 
528.91  ft.  does  not  exceed  ±0.034  ft.  Notice  that  this  is  quite  different 
from  saying  that  the  true  error  does  not  exceed  ±0.034  ft. 

26.  Use  made  of  Most  Probable  Values  and  Probable 
Errors.     Most  probable  valves  are  used  in  surveying  for  the 

♦  It  is  the  purpose  of  this  article  to  give  only  so  much  of  the  theory 
of  errors  as  may  be  needed  in  the  simple  cases  wmch  arise  in  plane  survey- 
ing. For  a  more  comprehensive  treatment  of  the  subject  consult  one 
of  the  standard  works  on  the  method  of  least  squares. 
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adjustment  of  measurements,  and  probable  errors  to  indicate 
the  precision  of  measurements. 

Most  probable  value.  The  simplest  and  most  common  cases 
of  adjusting  measurements  by  finding  the  arithmetical  mean 
have  already  been  given  on  p.  13. 

(a)  Probable  error  of  the  mean.  Suppose  that  a  second  series 
of  measurements  of  the  length  of  the  line  in  the  preceding 
article  gives  528.94  ft.  for  the  mean  and  ±0.065  ft.  for  the 
probable  error  of  that  mean.  The  results  of  the  two  sets 
of  measurements  are: 

Most  probable  value  Probable  error 

528.91  ±0.034 

528.94  ±0.065 

The  probable  error  of  the  mean  of  all  the  measurements  in 
the  first  series  is  approximately  half  that  of  the  mean  as  deter- 
mined by  the  second  series.  This  indicates  that  the  precision 
of  the  first  result  (528.91)  may  be  regarded  as  twice  that  of 
the  second  (528.94). 

(6)  The  probable  error  of  a  single  observation  is  found  from 
the  residuals  of  a  number  of  observations,  as  explained  in  the 
next  article.  If  it  is  necessary  to  take  a  number  of  observa- 
tions in  order  to  determine  the  probable  error  of  a  single  ob- 
servation, why  not  be  content  to  determine  the  probable  error 
of  the  mean  of  all  the  observations  and  stop  there?  Of  what 
use  is  the  probable  error  of  a  single  observation?  The  answer 
is  that,  having  determined  the  probable  error  of  a  single  ob- 
servation under  given  conditions,  this  probable  error  indicates 
the  precision  which  may  be  expected  in  any  single  observation  " 
made  under  the  same  conditions. 

lUuatration.  In  measuring  an  angle  a  number  of  times  the  probable 
error  of  a  single  observation  is  found  to  be  ±8".  (See  p.  19.)  This 
means  that  for  any  other  angle  measured  by  the  same  observer  with  the 
same  transit  under  practically  the  same  conditions  a  probable  error  may 
be  expected  of  about  ±8".  If  'this  is  well  within  the  allowable  error, 
the  ob^rver  is  justified  in  proceeding  with  single  observations  of  all  angles 
that  can  be  measured  under  the  given  conditions. 

(c)  Probable  errors  and  weights.  Probable  errors  afford  a  means 
of  finding  the  weights  which  should  be  given  different  sets  of  ob- 
servations, for  it  has  been  found  that  the  weights  of  observa- 
tions vary  inversely  as  the  squares  of  their  probable  errors. 

Illustration.  On  p.  19  the  probable  error  of  the  mean  of  the  first  bet  of 
observations  102.8",  ^^^  o(  the  second  set  4.6".      Hence  the  weights  are 

as  7278)2  ***  (ileja'  °'"  ^^°"*  w  3  to  1. 
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27.  To  Determine  Probable  Errors.  The  formulas  given 
below  for  calculating  probable  errors  are  based  on  the  follow- 
ing assumptions: 

(1)  That  small  errors  are  more  frequent  than  large  ones. 

(2)  That  positive  and  negative  errors  are  equally  frequent. 

(3)  That  very  large  errors  do  not  occur. 

Additional  points  to  be  kept  in  mind  are:  (1)  Constant  errors 
must  be  eliminated  as  far  as  practicable;  (2)  Observations 
should  be  made  under  as  nearly  the  same  conditions  as  possible. 
(3)  At  least  three  observations  should  be  made.  If  there  are 
only  two  observations,  the  discrepancy  will  indicate  the  pre- 
cision as  truly  as  will  the  probable  error.  The  more  observa- 
tions there  are  the  more  significance  may  be  attached  to  the 
probable  error,  although  a  small  number  of  observations  will 
give  surprisingly  satisfactory  results  if  the  other  conditions 
already  mentioned  are  fulfilled. 

(a)  Remark.  The  student  is  warned  against  attaching  importance  to 
probable  errors  unless  he  is  reasonably  sure  that  the  above  conditions 
are  fulfilled,  especially  that  pertaining  to  the  elimination  of  constant 
errors.  Since  the  method  of  least  squares  is  based  on  the  arithmetical 
mean  as  the  most  probable  value,  and  since,  as  pointed  out  on  p.  10, 
constant  errors  cannot  be  eliminated  by  taking  the  mean  of  observations, 
the  more  completely  the  constant  errors  are  eliminated,  or  corrected,  the 
more  applicable  is  the  method  of  least  squares.  If,  for  example,  a  tape 
is  too  long,  all  measurements  made  with  it  will  be  too  short,  and  there 
is  no  mafdc  in  least  squares  which  will  correct  the  results.  The  probable 
error  in  this  case  loses  its  significance  unless  each  of  the  separate  measure- 
ments from  the  mean  of  which  the  probable  error  is  derived  is  first  corrected 
for  the  constant  error  in  the  length  of  the  tape. 

28.  Formulas  for  Probable  Errors.* 

Let  n  =the  number  of  the  observations; 

17— the  difference  between  any  one  observation  and  the 
mean   of   all  the   observations,   i.e.,   the   residual 
error  (p.  15); 
^=the  probable  error  of  a  single  observation; 
Eq  =  the  probable  error  of  the  mean  of  all  the  observations; 
J*=a  symbol  signifying  sum  of. 
Then,  from  the  theory  of  least  squares, 

£=0.6745i/Iir,    or    ^V^- (1) 

r    n— 1  Vn— 1 

E  /     rv2  0.6745       / — - 

°     y/n  y  n(n-l)  Vn{ri-1) 

Let  Xp=*sum  of  the  weights  and  Rq  the  probable  error  of  the 
*  3ee  any  treatise  on  the  Theory  of  Least  Squares. 
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general  or  weighted  mean;  then 


(3) 


Let  i?«==the  probable  error  of  the  sum  or  difference  of  several 
independent  quantities  z,  Zi,  Z2,  ,  ,  .  Zn» 

r,  ri,r2, . . .  fn— the  probable  errors  of  0i,  22,  . .  .  Zn,  respectively. 
RM  =  V?Tr?Tr?T77Tr^.      ....     (4) 

The  probable  error  of  a  product  Az,  where  A  is  a  known 
quantity,  z  an  observed  quantity,  and  r  the  probable  error  of 

Rp^-^Ah\    or    Rp=Ar (5) 

Let  5iS»i =an  area  found  by  multiplying  together  the  measured 

sides  S  and  ^1; 
r  and  n  =  the  probable  errors  of  S  and  Si  respectively.    Then 
the  probable  error  of  the  computed  area  SSi  is 

Ra=y/^rJTS^. (6) 

29.  Abbreviated  Methods.  In  applying  the  formulas  of 
the  preceding  article  approximate  values  will  often  be  all  that 
are  required.  For  this  purpose  the  two  following  equations  may 
be  substituted  for  equations  (1)  and  (2)  respectively: 


E= 


0M5SIV 


(7) 


„     0M5SIV 

i5'o=— F 

nVn 


(8) 


Vn(n-1)  '  '  "     nVn-1 

When  there  are  only  two  observations  and  D  is  the  dis- 
crepancy between  them, 

E^OATD  or  roughly  JD  and  JS7o=0.337i)  or  roughly  JD.  (9) 
-  In  formulas  (1)  and  (2)  work  may  be  saved  by  using  the 
coefficients  given  in  the  following  table: 


Single 

Series  of 

Single 

Series  of 

Observations, 

Observations, 

Observations, 

Observations, 

n 

0.6745 
Vn-1 

0.6745 

n 

0.6745 
Vn-1 

0.6745 

Vn(n-l) 

Vn(n-l) 

11 

0.2133 

0.0643 

2 

0.6746 

0.4769 

12 

0.2034 

0.0587 

3 

0.4769 

0.2754 

13 

0.1947 

0.0540 

4 

0.3894 

0.1947 

14 

0.1871 

0.0500 

5 

0.3372 

0.1508 

15 

0.1803 

0.0465 

6 

0.3016 

0.1231 

16 

0.1742 

0.0435 

7 

0.2754 

0.1041 

17 

0.1686 

0.0409 

8 

0.2549 

0.0901 

18 

0.1636 

0.0386 

9 

0.2385 

0.0795 

19  ; 

0.1590 

0.0365 

10 

0.2248 

0.0711 

20 

0.1647 

0.0346 

ERRORS 
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A  table  of  squares  and  square  roots  greatly  facilitates  the 
work.  Other  tables  similar  to  that  given  above  will  be  found 
in  standard  text-books  on  least  squares. 

30.  Illustration  of  the  Method  of  Least  Squares  Applied 
to  Angles.* 


First  Observer 

Second  Observer 

No. 

Angle 

V 

v^ 

No. 

Angle 

V 

»2 

1 

60°  20'  20" 

4 

16 

1 

60°  20'  60" 

14 

196 

2 

30 

6 

36 

2 

21   00 

24 

576 

3 

10 

14 

196 

3 

20  40 

4 

16 

4 

20 

4 

16 

4 

20 

16 

256 

6 

40 

16 

256 

5 

30 

6 

36 

6 

10 

14 

196 

6 

10 

26 

676 

7 

20 

4 

16 

7 

20 

16 

256 

8 

40 

16 

256 

8 

21   00 

24 

576 

8)190 

i"t;2 

=  988 

8)162 170          i"i>2= 

=  2588 

Mean  =60«  20'  24"- 

- 

Mean  =  60°  20'  36"  + 

^„,    0«745    .^ 

^0=   J'^'^'    v^» 

Vn(n-l) 

Vn(n-.l) 

=0.0901  X(  ±31.4) 

=■±2.8 

ft 

=0.0901  X(  ±50.9)=  ±4.6" 

^=,J5oVn=±2.8"X 

2.8=  ± 

8.0" 

E = Eo^-=  ±  4.6"  X  2.8  =  ±  12.9" 

lUustration.  The*  results  given  above  were  obtained  by  two  different 
observers  usin^  different  transits.  The  probable  error  of  the  mean  in 
the  first  case  is  ±2.8",  while  in  the  second  it  is  ±4.6".  This  indicates 
that  the  relative  precision  of  the  work  of  the  two  observers  is  as  2.8  to 
4.6.  or  nearly  as  5  to  3. 

To  find  the  most  probable  value  of  the  an|;Ie  by  comparing  the  mean 
values  of  the  two  series  of  observations  it  is  necessary  to  weight  their 
mean  values.     Since  weights  are  inversely  proportional  to  the  squares  of 

probable  errors,  p.  16,  the  weights  are  as  ^-p  to  ^-p.  or  nearly  as  3  to  1. 

The  most  probable  value  is  60°  20'+        ^^^^o   ^^^60°  20'  27". 
TTie  probable  error  of  the  above  value  may  be  obtained  as  follows: 
24"=«i  and  36"=«2»         ±2.8"=ri  and   ±4.6"=r2,       f =^i  and  i=A^ 
j  Prob.  error  of  Ai«ior24Xi-^irj-(f  X  ±2.8")-  ±2.1"  -i?p, 

*™°*W;[ •  Aa22or36Xi=^2r2-(iX±4.6")=±1.15"  =  i2pi. 

The  probable  error  of  the  sum  of  (24"Xf  )  +  (36"Xi)  is,  from  (4), 
Rs  -  '^Rp^+Rpi^  =  V2.12+1.152=  ±  2.4". 

*For  an  illustration  of  the  method  of  least  oquares  applied  to  linear 
nmourements.  see  p.  59. 


CHAPTER  III 

FIELD  NOTES 

In  this  chapter  are  given  the  general  directions  and  suggestions  which 
hold  good  for  all  kinds  of  field  notes.  In  Chapter  XV  will  be  found  special 
directions  for  keeping  the  notes  of  a  transit  survey,  and  also  some  illus- 
trations of  the  forms  in  common  use.  Forms  of  notes  for  stadia  survey- 
ing, topographic  surveying,  compass  surveying,  and  levehng  are  given  m 
the  corresponding  chapters  on  those  subjects. 


31.  Field  Notes.  Field  notes  are  written  records  of  field 
work,  made  at  the  time  the  work  is  done;  notes  made  afterwards, 
or  notes  copied  from  field  notes,  may  be  useful,  but  they  are 
not  field  notes.  Field  notes  must  be  as  complete  and  accurate 
as  possible,  for  the  most  careful  and  reliable  field  work  will 
be  of  little  or  no  value  if  the  record  of  that  work  is  unreliable. 
That  is  why  engineers  often  prefer  to  keep  the  field  notes  them- 
selves rather  than  trust  them  to  a  less  experienced  assistant. 
The  student  must  realize  at  the  beginning  of  the  course  that  not 
only  is  recording  field  notes  as  important  as  any  part  of  the 
field  workj  but  it  is  perhaps  the  most  difficult  thing  he  will 
be  called  upon  to  do,  and  will  require  all  the  alertness,  care, 
accuracy,  and  intelligence  which  he  can  command. 

Note.  To  keep  field  notes  satisfactorily  one  must  have  had  long  ex- 
perience in  practical  work.  It  is  not  expected  that  the  student  can  do 
it  at  the  outset,  indeed  comparatively  few  men  in  actual  practice  are 
good  note-keepers,  but  this  is  all  the  more  reason  why  instructor  and 
student  ahke  should  pay  special  attention  to  perfecting  the  student's 
abiUty  in  note-keeping. 

32.  Methods  of  Keeping  Notes.  Methods  of  note-keeping 
are  different  for  different  kinds  of  work,  and  will  be  given  in 
detail  as  the  work  may  require.  It  must  be  remembered,  how- 
ever, that  there  may  be  many  methods  equally  good  for  a  given 
kind  of  work,  that  an  engineer  must  choose  the  one  best  adapted 
to  his  needs,  and  that  as  a  rule  of  the  many  good  methods  in 
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oommon  use,  only  one  or  two  illustrations  are  given  in  this 
book  for  each  kind  of  work. 

33.  Field  Notes — General  Suggestions. 

(1)  Use  a  good  note-book  that  will  stand  hard  usage. 

(2)  Use  a  hard  sharp  pencil — 3  H  or  4  H;  never  a  pencil 
soft  enough  to  blur. 

(3)  The  notes  should  read  from  left  to  right,  and  from  the 
bottom  up  as  in  working  drawings.  In  printing  vertically 
hold  the  right-hand  edge  of  the  book  towards  you. 

(4)  Trust  nothing  to  memory;  when  in  doubt  as  to  whether 
or  not  an  item  will  be  needed,  put  it  in. 

(5)  Constantly  ask  yourself  what  will  be  needed  in  your 
notes  in  the  office  work.  To  answer  this  you  must  know  the 
purpose  of  the  work;  if  it  is  a  survey  and  a  map  is  to  be  plotted 
from  the  notes,  what  the  map  is  to  be  used  for,  and  what,  there- 
fore, should  go  on  the  map;  if  leveling,  what  is  to  be  done  with 
the  data  obtained. 

(6)  If  a  page  of  notes  becomes  illegible,  make  a  copy  of  it 
while  the  data  are  fresh  in  mind,  but  mark  it  ''COPY,"  and 
preserve  the  original  page. 

(7)  The  notes  of  a  survey  should  be  preceded  by  a  title-page, 
and  if  there  are  many  pages,  there  should  be  an  index.  At  the 
top  of  each  page  print  a  descriptive  title  so  that  one  can  tell  at 
a  glance  what  the  notes  on  that  page  are  about. 

(8)  Notes  should  be  signed  each  day  by  the  note-keeper. 

(9)  It  is  usually  desirable  to  at  least  indicate  all  the  numeri- 
cal work  of  the  calculations  and  reductions  made  in  the  field. 
If  the  numerical  work  itself  is  done  in  the  note-book,  it  should 
not  be  allowed  to  obscure  the  main  notes,  and  hence  it  is  often 
best  to  put  such  computations  on  separate  pages  and  crossv 
reference  them.  This  does  not  mean  that  numerical  work  is 
to  be  scribbled  in  the  note-book  at  random ;  on  the  contrary,  it 
should  be  kept  in  as  neat  and  systematic  a  manner  as  any  other 
portion  of  the  notes. 

34.  The  Three  Parts  of  Field  Notes.  Field  notes  like 
working  drawings  may  be  subdivided  into  three  parts: 

(1)  Numerical  values.  Records  of  all  measurements  (angles 
and  distances). 

(2)  Sketches.  Records  of  outlines,  relative  locations,  topo- 
graphic features. 

(3)  Explanatory  notes.    All  notes  of  an  e^cplanatory  nature 
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which  make  clear  those  sketches  and  numerical  values  that 
might  otherwise  be  obscure  or  misimderstood.  Also  data  that 
may  be  of  future  value,  such  as  names  of  the  surveying  party, 
any  special  or  unusual  conditions  under  which  the  work  was 
done,  equipment,  weather,  and  date. 
35.  Numerical  Values. 

(1)  Make  plain  figures.  Words  can  be  guessed  at,  but  not 
figures. 

(2)  Make  large  figures.  The  tendency  of  the  beginner  is  to 
make  his  numerals  too  small. 

(3)  Never  write  one  figure  on  top  of  another,  A  constant 
source  of  annoyance  and  error.  If,  for  example,  a  5  is  written 
and  then  a  7  on  top  of  it,  how  is  one  to  know  which  is  correct? 

(4)  Do  not  try  to  change  one  figure  into  another;  for  example 
a  3  into  a  5  or  a  2  into  a  3.     The  reason  is  obvious. 

(5)  Erasing,  Avoid  erasing.  Draw  a  Une  through  an  incor- 
rect value  and  write  the  correct  value  directly  above  or  near 
by.  This  will  show  that  a  mistake  was  noticed  in  the  field  and 
cottected,  thus  giving  double  weight  to  the  corrected  value, 
while  erasing  or  changing  a  figure  leaves  the  impression  of 
"doctoring"  the  notes.  When  it  becomes  necessary  to  alter  a 
sketch  or  to  make  any  part  of  the  notes  clearer  erasing  is  justi- 
fiable, provided  nothing  is  lost  which  would  give  added  weight 
to  the  notes. 

(6)  Measurements  or  sketches.  If  measurements  are  put  di- 
rectly on  the  sketches,  make  it  clear  where  they  belong.  The 
use  of  dimension-lines,  as  in  working  drawings,  is  often  neces- 
sary. When  the  space  on  the  sketch  is  too  small  for  figures,  a 
measurement  may  be  placed  to  one  side,  and  an  arrow  drawn  to 
indicate  where  the  measurement  should  go. 

(7)  Recording  measurements.  In  recording  measurements  as 
they  are  being  taken  in  the  field  there  are  two  sources  of  trouble : 
(1)  Measurements  omitted  because  not  taken.  (2)  Measure- 
ments misunderstood  as  they  are  called  out. 

(1)  The  note-keeper  must  therefore  be  on  the  alert  to  see 
that  every  measurement  that  should  be  recorded  is  taken  and 
that  every  measurement  taken  is  recorded. 

(2)  The  note-keeper  should  repeat,  loudly'enough  to  be  dis- 
tinctly heard,  all  measurements  which  others  may  call  out  to 
him  to  record.  Measurements  not  taken  in  the  presence  of  the 
note-keeper  should  be  given  to  him  in  writing.    For  example. 
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if  the  note-keeper  is  busy  taking  transit  notes  and  the  chain- 
men  are  at  work  elsewhere,  they  should  report  all  measure- 
ments to  him  in  writing  at  the  first  opportunity. 

36.  Sketches. 

(1)  Scale,  Sketches  are  almost  never  made  to  scale;  in  fact 
it  is  usually  necessary  to  exaggerate  certain  portions  of  the 
sketch  for  the  sake  of  clearness. 

(2)  Make  sketches  large,  open,  and  clear.  Use  the  pages  of 
the  note-book  generously — they  are  cheap  compared  with  time 
wasted  in  deciphering  crowded  notes. 

(3)  Use  of  straight-edge.  Sketches  are  made  free-hand,  but 
frequently  time  may  be  saved  and  the  sketch  greatly  improved 
by  using  a  straight-edge  for  the  straight  lines.  A  small  triangle 
carried  in  the  pocket  will  be  found  useful. 

(4)  Angles.  The  protractor  is  seldom  used  in  the  field;  angles 
are  either  guessed  at  or  no  attempt  is  made  to  draw  them  true 
size. 

(5)  Exaggeration  of  details,  or  portions  of  a  sketch  drawn 
large?  size  at  one  side  of  the  main  sketch,  or  on  another  page, 
is  often  necessary. 

(6)  WhM  a  sketch  should  show  must  be  determined  on  the 
spot  by  the  note-keeper,  and  for  the  most  part  before  he  begins 
the  sketch. 

(7)  When  to  make  a  sketch.  In  general,  if  measurements  can- 
not be  easily  described,  or  if  the  description  (in  words)  of  a 
series  of  measurements  would  take  more  time  or  space  than 
would  be  required  for  a  sketch,  make  a  sketch.  Always  make 
a  sketch  when  it  will  settle  beyond  question  any  doubt  which 
otherwise  might  arise  in  the  interpretation  of  the  notes. 

37.  Explanatory  Notes. 

(1)  Object.  To  make  clear  that  which  is  not  perfectly  evi- 
dent from  numerals  and  sketches,  and  to  record  such  informa- 
tion concerning  important  features  of  the  ground  covered  and 
the  work  done  as  might  be  of  possible  use  later.  In  addition, 
to  give  for  future  reference  names  of  party,  date,  weather, 
equipment,  and  special  conditions  under  which  the  work  was 
done. 

(2)  Lettering.  The  common  practice  is  to  print  notes,  using 
some  good  style  of  free-hand  lettering.  Compactness  and  legi- 
bility are  gained  by  such  lettering  well  done.  In  many  cases 
ordinary  handwriting  can  be  used  provided  it  is  as  le^ble  as 
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good    free-hand    printing.     One    method    used    for    free-hand 
lettering  is  given  in  the  next  article. 

(3)  Place  the  notes  in  vacant  spaces  where  they  will  not  in- 
terfere with  or  obscure  numerals,  dimension-lines,  or  sketches. 

(4)  When  needed.  Ask  yourself  in  a  given  case  if  the  dimen- 
sions you  have  put  down,  or  the  sketch  you  have  made,  could 
possibly  need  oral  explanation  should  some  one  else  use  the 
notes.  *If  in  doubt,  put  the  explanation  in  writing  in  the  notes 
themselves. 

38.  Free-hand  Lettering.  The  style  of  lettering  recom- 
mended for  field  not^s  is  the  ''single-stroke"  lettering.  It  is  a 
surprisingly  easy  system  to  learn,  and  it  is  especially  adapted 
to  rapid  note-taking  because  of  its  simplicity.  In  this  article 
the  essential  features  of  this  system  are  given  in  so  far  as  they 
apply  to  field  notes.  For  a  more  thorough  treatment  of  single- 
stroke  lettering  the  student  is  referred  to  an  excellent  little 
book  on  that  subject  by  Mr.  Charles  W.  Reinhardt.* 

The  student  is  urged  to  practice  until  he  can  letter  almost  as  rapidly 
as  he  can  write.  When  he  can  do  this  and  do  it  well  he  has  acquired 
something  of  great  value,  not  only  for  recording  field  notes  but  for  other 
lines  of  work.  Even  a  few  hours'  intelligent  practice,  in  which  the  direc- 
tion and  sequence  of  the  strokes  are  carefully  observed,  will  yield  results  well 
worth  attaining.  ^ 

0  000000000000000 

abodegbmoopqoea 

Fig.  38(a). 

(a)  In  Fig.  38  (a)  it  is  seen  that  fifteen  of  the  lower-case  letters 
of  the  alphabet  can  be  formed  with  a  small  ellipse  as  a  basis; 
the  other  nine  can  be  formed  with  straight  lines.  This  method 
of  forming  letters,  however,  is  not  recommended,  but  is  in- 
serted here  as  introductory  to  a  method  somewhat  similar. 
In  Fig.  38  (6)  this  other  method  is  shown. 

(6)  The  methods  given  in  this  article  for  forming  inclined 
letters  hold  good  also  for  upright  letters.  Inclined  letters, 
however,  can  be  made  more  rapidly  and  with  greater  uniformity 
by  the  average  man.     In  Fig.  38  (6)  the  arrows  in  the  first 

*  Mr.  Reinhardt's  book  on  lettering  (Engineering  News  Publishing  Co., 
New  York  City)  was  the  first  to  indicate  the  sequence  and  direction  of  the 
separate  strokes  by  arrows,  and  it  has  done  much  to  improve  free-hand 
lettering  among  draftsmen  throughout  the  country. 
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and  fourth  rows  indicate  the  directions  of  the  strokes;    in 
the  second  and  fifth  lines  the  completed  letters  are  shown;    in 


adgq 
adg  q 

hp 

bp 
hp 

ce  06 
ceo  5 

hmnu 

r  h  J  k  1^  *i^  it  ^m  xf  yi  ^ 
fijklrtvwxyz 
f  i  j  k  1  n  r  y  w  \  y  -L 

FiQ.  38  (6). 

the  third  and  sixth  lines  incorrect  methods  of  forming  letters 
are  illustrated.  The  main  points  to  keep  in  mind  concerning 
the  different  letters  are  as  follows: 

(1)  The  t,  ;,  Z,  and  c  are  the  only  letters  made  with  one  con- 
tinuous stroke. 

(2)  The  strokes  in  each  letter  are  as  far  as  possible  downward. 
The  slope  of  the  main  stem  with  few  exceptions  is  about  1 
to  2i.    [For  height  of  letters  see  p.  29,  Art.  38  (/).] 

(3)  The  order  or  sequence  of  strokes  is  from  left  to  right, 
except  in  s,  w,  A;,  a;,  and  z. 

(4)  In  the  first  group,  a,  <f,  gr,  and  g,  the  only  difference  be- 
tween the  letters  is  in  the  third  stroke.  In  each  of  these  letters 
the  second  or  middle  stroke  is  flatter  than  the  first  in  order 
that  there  may  be  a  clear  space  between  the  second  stroke  and 
the  vertical  stem.  In  order  to  avoid  the  effect  shown  in  the 
third  row  which  comes  from  not  doing  this,  it  may  be  well  for 
the  beginner  to  exaggerate,  somewhat,  the  ''hump"  in  the  first 
stroke  and  then  make  the  second  stroke  almost  straight. 

(5)  In  the  letters  6  and  p  the  oval  is  wider  at  the  top  than  at 
the  bottom. 

(6)  The  basis  of  each  of  the  letters  in  the  third  group,  c,  e, 
0,  and  8,  is  an  inclined  ellipse.     The  e  is  made  with  two  strokes; 
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if  made  with  one  it  is  apt  to  have  a  different  slant  from  the 
other  letters,  as  shown  in  the  third  line.  Notice  that  the  first 
stroke  of  the  s  is  started  in  the  opposite  direction  from  that 
naturally  expected.  Some  draftsmen  prefer  to  make  the  s  in 
two  strokes  instead  of  three  as  shown  in  the  supplementary  a. 
The  o  is  made  with  two  strokes  each  of  which  should  begin  and 
end  almost  horizontally  in  order  that  the  two  strokes  may  meet 
in  a  smooth  curve  and  not  in  a  sharp  apex;  this  also  gives 
proper  width  to  the  o  without  making  it  round. 

(7)  In  the  letters  of  the  fourth  group,  h,  m,  n,  and  u,  the 
first  effort  should  be  to  get  the  vertical  strokes  parallel.  The 
second  stroke  in  h,  m,  and  n  should  not  be  started  too  far  up 
the  first  stroke,  and  it  should  make  almost  a  sharp  turn  at  the 
upper  corner.  The  first  stroke  should  not  begin  with  a  curve. 
Notice  that  the  third  stroke  of  the  u  is  at  the  bottom,  the  other 
two  strokes  being  made  first  to  secure  parallelism  and  proper 
width  of  letter, 

(8)  In  the  letters  g,  g,  6,  p,  j,  I,  and  y  the  portion  above  or 
below  the  main  body  of  the  letter  is  a  little  less  than  one  half 
the  total  height  of  the  letter;   in  the  letter  t  it  is  still  less. 

(9)  In  the  letter  k  the  third  stroke  does  not  start  at  the  in- 
tersection of  the  other  two.  Make  the  second  stroke  strike 
pretty  near  the  bottom  of  the  first  and  begin  it  well  to  the  right 
so  that  the  letter  will  not  be  too  narrow.  Notice  that  the 
second  stroke  of  the  r  is  upward. 

(10)  In  the  letters  v,  w,  x,  and  y  make  the  strokes  in  one 
direction  almost  vertical,  and  the  strokes  in  the  opposite  direc- 
tion at  a  considerable  slant,  so  that  the  main  axis  of  the  letter 
may  have  the  slope  corresponding  to  that  of  other  letters.  The 
intersection  of  the  two  strokes  in  a;  is  a  little  more  than  half- 
way up. 

(11)  In  the  letters  k,  v,  w,  x,  y,  and  z  make  the  angles  at  the 
intersection  of  lines  clear  and  sharp. 

(12)  In  the  letters  g,  j,  and  y  the  stroke  extending  below 
the  line  is  straight  until  just  at  the  end  it  turns  sharply  to  the 
left,  forming  a  small  hook. 

(13)  The  cross-strokes  in  the  /  and  t  are  on  a  line  with  the 
tops  of  most  of  the  other  letters. 

(c)  Good  numerals  are  even  more  important  than  good 
letters  in  field  notes:  they  must  be  made  unmistakable.  The 
main  points  to  be  kept  in  mind  are: 
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(1)  Make  figures  somewhat  larger  than  lower-case  letters. 
Reinhardt  gives  the  height  equal  to  that  of  capital  letters, 
but  this  is  rather  large  for  field  notes.     [See  Art.  38  (/).] 

(2)  In  the  2  the  down  curve  is  reversed  and  the  base  is  straight. 
Avoid  the  effect  shown  in  the  third  Une.    Some  draftsmen  pre- 

2  3^  8 

FiQ.  38  (c). 

fer  an  abrupt  turn  or  angle  in  the  down-stroke  as  shown  in  the 
supplementaiy  2. 

(3)  Of  the  two  kinds  of  3^8  that  with  its  upper  line  hori- 
zontal and  straight  is  perhaps  the  easier  to  make.  The  lower 
loop  should  begin  with  a  sharp  turn  ujmard,  and  its  height 
should  be  more  than  half  the  total  height  of  the  numeral. 

(4)  Of  the  two  kinds  of  4's  that  shown  in  the  top  row  seems 
to  be  preferred.  The  first  stroke  begins  at  about  45®,  and 
should  extend  more  than  half-way  down  the  figure  before  turn- 
ing into  the  horizontal,  otherwise  the  top  of  the  4  will  be  too 
small  as  shown  in  the  third  Une. 

(5)  In  the  5  the  first  stroke  should  turn  abruptly  about  two 
fifths  of  the  way  down,  and  extend  almost  horizontally  for 
quite  a  little  distance;  it  really  curves  slightly  above  the  hori- 
zontal to  form  the  upper  portion  of  a  loop  similar  to  that  of 
the  3.  The  second  is  straight  and  horizontal;  make  it  fairly 
long. 

(6)  In  the  6  the  tendency  is  to  make  the  lower  loop  too 
small. 

(7)  The  7  is  formed  by  two  straight  lines, — no  curves, — with 
the  down-stroke  at  about  45**. 

(8)  In  pencil  the  8  is  best  made  with  two  strokes.  Some- 
times it  is  convenient  to  form  it  with  two  ovals,  the  upper  one 
being  the  smaller.  In  inking,  the  pen  is  lifted  where  the  second 
stroke  crosses  the  first. 
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(9)  The  9  is  an  inverted  6,  but  the  upper  loop  is  nearly  fin- 
ished with  one  stroke.  The  tendency  is  to  make  the  loop  too 
small. 

(10)  The  0  is  made  with  two  strokes  each  of  which  begins 
and  ends  almost  horizontally  to  give  smoothness  to  the  curve 
and  width  to  the  whole  numeral  without  making  it  round. 

Note.  The  student  may  find  that  in  keeping  field  notes  in  pencil  some 
of  the  nimierals  made  in  Fig.  38  (c)  with  two  or  more  strokes  can  be  made 
in  one  stroke.  In  making  figures  in  ink,  however,  he  will  get  better  re- 
sults to  follow  the  strokes  as  given. 


^      -^   --■    ' -4A.- 


.EJ^..a4.M.kM.M.I..E... 

:e..emj..k±.mmj...z... 

.E..E.M.J...K..L..M.M.J..l..._ 

.A V..M.X....Y...B..^P.R... 

.A...K.W..X:...y..B...E^.ff.... 

.L....G...Q..Q....S...J.~-D.M. 


Fig.  38  (d). 

(d)  Capital  letters  are  shown  in  Fig.  38  (d).  Many  of  the 
directions  already  given  for  the  lower-case  letters  apply  to 
the  capital  letters  also.  Some  additional  points  are  as 
follows: 

(1)  The  height  of  capital  letters  is  not  quite  double  that  of 
lower-case  letters.     [See  Art.  38  (/).] 

(2)  The  width  of  most  of  the  capital  letters  is  about  equal 
to  the  height  of  lower-case  letters. 
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(3)  The  third  or  horizontal  stroke  in  E,  F,  and  H  is  slightly 
more  i;han  half-way  up.  This^  is  true  also  of  the  middle  hori- 
zontal Une  of  B  and  the  corresponding  lines  of  P  and  of  R. 

(4)  The  second  stroke  in  L  and  in  T  is  comparatively  short. 

(5)  In  A,  V,  W,  X,  and  Y  the  chief  difficulty  is  in  getting 
the  axis  of  the  letter  at  the  standard  slope.  This  is  accom- 
plished by  making  certain  lines  almost  vertical,  and  opposite 
lines  at  a  correspondingly  greater  slant,  as  shown  in  the  figure. 
The  horizontal  stroke  in  A  is  quite  near  the  bottom. 

(6)  The  width  of  M  and  of  W  is  greater  than  the  width  of 
other  letters.  The  second  and  third  strokes  of  the  M  meet  in 
a  point  above  the  bottom  Une  of  the  letter. 

(7)  The  letters  C,  G,  0,  Q,  and  S  are  based  on  the  ellipse* 
The  tendency  is  to  make  these  letters  too  wide. 

(8)  In  practicing  lettering  observe  carefully  the  order  and 
direction  of  the  strokes,  which  are  for  the  most  part  down.' 
ward  and  from  left  to  rigid,  and  notice  what  errors  to  avoid 
as  illustrated  in  the  hues  3,  6,  and  9. 

(e)  Spacing  the  letters.  Crowd  the  letters  close  together  and 
thus  compress  words  into  small  space,  otherwise  one  of  the 
chief  advantages  of  lettering  will  be  lost.  The  tendency  is  to 
make  letters  too  wide  and  too  far        /  »,  • 

apart.     To  make  narrow  compressed       L#  w  /  /  6  /  5  0lO3 
letters  seem  large  and  clear  increase 

the  height.     Thus,  for  example,  in      LstterS €1056  fogethsr 
Fig.  38  (e)  the  third  line  takes  '^'^       §    n  / 

more    space    lengthwise    than    the      LEmS  C/Q56  tlXjCttier 
second,  but  the  words  are  clearer  P^^  3g  ,. 

because  the  height  of  the  letters  is 

greater.     The  first  line  illustrates  how  space  may  be  wasted 
by  not  compressing  the  letters. 

(/)  Height  of  letters,  A  good  height  for  lower-case  letters 
is  ^y",  the  height  of  numerals  being  slightly  greater.  This 
makes  the  height  of  capital  letters  a  little  less  than  J".  The 
effect  when  these  heights  are  used  may  be  judged  by  the  field 
notes  shown  in  Chapter  XV, 

39.  Final  Suggestions  on  Taking  Notes.  Remember 
that  the  extra  time  required  in  making  field  notes  plain  will 
probably  be  saved  when  the  notes  are  plotted.  Never  let  any- 
thing appear  in  the  notes  that  can  be  misunderstood  or  misin- 
terpreted, especially  numerals.     Usually  there  will  be  more  to 
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the  notes  for  a  given  portion  of  the  work  than  at  first  appears; 
the  sketch  will  grow  more  complicated  and  there  will  be  un- 
expected dimensions  to  be  recorded;  make  a  generous  allow- 
ance for  this  in  starting  a  page  of  notes  so  that  they  will  not 
become  crowded.  In  level  notes  and  in  most  of  the  forms 
of  transit  notes  it  is  better  to  omit  every  other  line,  thus  leav- 
ing room  for  corrections.  Be  neat  and  systematic  in  keeping 
notes  for  field  work,  and  the  habits  thus  formed  will  be  of  great 
value  in  many  other  lines  of  work. 

40.  Special  Directions  for  Class  Work. 

(1)  A  "party  note-book"  will  be  furnished  for  each  party. 
Each  student  is  expected  to  keep  the  notes  of  the  party  of 
which  he  is  a  member  "copied  up"  in  his  own  note-book,  this 
book  to  be  a  duplicate  of  the  party  book.  Copy  everything, 
including  mistakes  and  their  corrections.  Do  not  copy  the 
notes  of  other  parties. 

(2)  Pages  should  be  numbered  to  correspond  to  those  in  the 
party  note-book. 

(3)  In  beginning  the  notes  of  a  survey  allow  a  few  pages  for  a 
title  and  an  index. 

(4)  In  a  closed  survey  the  notes  should  be  preceded  by  a 
sketch  showing  all  transit  hues  with  the  letters  or  numbers  of 
each  station.  (See  p.  390.)  This  sketch  should  be  completed 
as  fast  as  stations  are  established, 

(5)  Print  a  descriptive  title  at  the  top  of  each  page.  This 
title  may  extend  across  the  tops  of  two  opposite  pages. 

(6)  Each  page  in  the  party  note-book  should  be  dated  and 
signed  by  the  note-keeper  as  the  work  progresses. 

(7)  The  notes  in  the  party  note-book  should  be  inspected 
each  day  by  the  instructor  in  charge  of  the  party.  Students 
should  not  copy  notes  on  any  page  which  is  not  marked  "In- 
spected" and  signed  by  the  instructor. 

(8)  Do  not  "scribble"  in  either  the  party  note-book  or  your 
own  note-book:  carry  a  scribbling-pad  in  the  pocket. 


CHAPTER  IV 

CHAINING 

In  this  ehapter  are  given  general  directions  for  the  use  of  the  steel  tape  \ 
many  of  them  apply  equally  well  to  the  use  of  the  surveyor's  chain.  For 
a  deteription  of  different  chains  and  tapes,  and  for  the  methods  of  repair- 
ing and  standardizing  tapes,  consult  the  chapter  on  "Chains  and  Tapes" 
mPart  I" 


III. 


41*  Chaining.  A  term  which  originally  meant  measuring 
with  a  chain,  but  as  now  used  it  denotes  measuring  with  either 
the  chain  or  the  tape. 

42.  Importance  of  Chaining.  Linear  measurement  is  the 
basis  of  all  surveying.  No  matter  how  accurately  angles  may  be 
measured  the  survey  can  be  no  more  accurate  than  the  chaining. 
Not  only  students  but  chainmen  in  actual  work  are  apt  to 
look  upon  chaining  as  drudgery  calling  for  no  special  ability. 
As  a  matter  of  fact  wide-awake,  careful  chainmen  are  scarce 
and  are  valued  accordingly.  It  is  not  easy  to  avoid  mistakes, 
nor  is  it  a  simple  thing  to  chain  a  line  when  great  accuracy  is 
required.  To  chain  a  line  twice  and  get  the  same  result  is  no 
indication  of  great  accuracy  unless  certain  constant  errors 
have  been  eliminated.  (See  Chapter  V.)  It  is  worth  while, 
therefore,  to  study  the  subject  of  chaining  carefully,  especially 
an3rthing  that  will  help  to  avoid  mistakes  and  eliminate  errors. 

43.  Care  of  the  Steel  Tape.  Steel  tapes  are  easily  broken. 
The  chief  danger  is  in  pulling  on  the  tape  when  there  is  a  loop 
or  kink  in  it;  consequently  guard  against  this.  Do  not  jerk 
the  tape  needlessly,  or  step  on  it  when  it  is  on  soft  ground,  or 
allow  vehicles  to  run  over  it,  or  bend  it  into  sharp  comers.  If 
the  tape  gets  wet,  wipe  it  dry  before  putting  it  away. 

44.  To  Do  Up  a  Steel  Tape  in  a  Figure  8.  If  a  steel  tape 
is  gathered  in  in  five-foot  lengths  without  being  allowed  to  turn 
over,  it  will  fall  of  itself  into  concentric  folds,  and  after  the 
tape  is  all  in,  these  folds  may  be  crossed  and  tied  at  the  center, 
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forming  a  figure  8.  This  is  a  very  convenient  form,  and  in 
some  respects  it  is  better  than  winding  the  tape  on  a  reel.  Any 
quick  method  of  bringing  the  five-foot  marks  together  in  one 
hand  may  be  used.  The  following  is  recommended:  Stretch 
the  tape  straight  on  the  ground  its  entire  length.  Stand  at 
one  end  squarely  facing  the  tape,  so  that  you  look  along  its 
length.  Take  the  end  of  the  tape  in  the  right  hand,  palm  of 
the  hand  up,  and  swing  the  right  hand  behind  you,  pulling  the 
tape  through  the  left  hand,  held  palm  up.  As  each  five-foot 
mark  comes  along,  the  left  hand  seizes  it  and  lays  it  over  the 
palm  of  the  right  hand  without  permitting  the  tape  to  turn  over. 
The  right  hand  closes  on  it  and  swings  behind  for  another 
five-foot  length,  and  thus  the  tape  is  gathered  in  in  five-foot 
lengths.  The  swing  behind  is  about  as  long  as  the  average 
man  can  take  readily.  Once  the  knack  is  acquired  it  is  hardly 
necessary  to  watch  for  the  five-foot  marks,  and  the  whole  thing 
is  done  very  rapidly. 

45.  To  Undo  a  Steel  Tape  (when  it  is  in  a  figure  8). 
Hold  in  one  hand  and  let  out  in  five-foot  lengths,  one  at  a  time, 
the  reverse  of  doing  it  up.  Attempting  to  let  it  out  all  at  once 
will  almost  surely  result  in  an  annoying  tangle. 

46.  To  Do  Up  a  Chain.  Beginning  at  the  middle,  fold  up 
the  doubled  chain,  taking  hold  of  two  links  at  a  time  with  one 
hand  and  laying  each  pair  obliquely  across  the  others  so  that 
the  chain  will  have  an  hour-glass  shape,  easy  to  strap  up  and 
carry. 

47.  To  Undo  a  Chain.     Take  the  handles  together  in  the 

left  hand  and  the  rest  of  the  chain  in  the   right  hand,  allowing 

a  few  links  nearest  the  handle  to  drop  off.     Throw  the  chain 

in  a  direction  opposite  to  that  in  which  the  chaining  is  to  be 

done.     The  chain  should  straighten  out  doubled.     As  the  head 

chainman,  taking  one  end  of  the  chain,  proceeds  along  the  line 

every  link  of  the  chain  passes  the  rear  chainman,  who  is  thus 

able  to  detect  and  straighten  all  links  that  are  bent. 

(a)  Remark.  In  doin^  up  the  chain  some  surveyors  prefer  to  begin 
at  the  end  of  the  chain  instead  of  the  middle,  folding  up  two  links  a*,  a 
time  as  before.  In  this  case  the  chain  may  be  undone  by  simplv  laying 
it  down  at,  the  starting-point,  the  head  chainman  taking  the  handle  wnicH 
is  on  top  and  walking  towards  the  further  end  of  the  line,  while  the  rear 
chainman  allows  the  chain  to  slip  through  his  hands  examining  the  links 
as  before.  This  method  saves  the  wear  and  tear  on  the  chain  that  comes 
from  throwing  it  out. 

48.  To  Read  a  Tape.  The  easiest  tape  to  read  is  one  that 
is  graduated  continuously,  the  numbers  starting-  from  zero  at 
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one  end  and  increasing  in  one  direction  only.  If  all  tapes 
were  thus  numbered  and  if  each  foot  of  the  tape  were  subdivided, 
many  mistakes  would  be  avoided  and  the  somewhat  elaborate 
precautions  outlined  in  the  succeeding  articles  would  be  un« 
necessary.  Many  tapes,  however,  are  numbered  from  each  end 
towards  the  middle  to  correspond  to  the  numbering  on  chains. 
This  gives  rise  to  the  common  mistake  of  reading  from  the 
wrong  end,  as,  for  example,  reading  40  ft.  instead  of  60  ft. 
When  every  fifth  foot  of  the  tape  is  numbered,  even  though 
the  numbers  run  in  one  direction  only,  the  mistake  of  reading 
on  the  wrong  side  of  a  number  is  often  made,  as,  for  example, 
41  ft.  instead  of  39  ft.  Unless  every  foot  is  numbered,  there- 
fore, make  this  an  inviolable  rule:  Read  the  number  on  each 
side  of  the  required  reading.  For  example,  in  the  mistake  just 
mentioned  the  chainman  noticed  that  the  reading  was  1  ft. 
from  the  mark  numbered  40,  and  jumped  to  the  conclusion 
that  the  reading  was  41;  if  he  had  read  the  number  on  the 
other  side  (i.e.,  35)  he  would  have  seen  that  the  reading  was 
between  35  and  40  and  thus  have  corrected  his  mistake. 

The  use  of  tapes  in  which  only  the  end  foot  is  subdivided 
gives  rise  to  other  mistakes  which  are  avoided  only  by  taking 
precautions  similar  to  those  outlined  in  Art.  50  (a). 

49.  To  Read  a  Chain.  If  the  chain  is  a  66-ft.  chain  (Gunter's 
chain)  measurements  are  made  in  chains  and  links,  but  as  each 
link  is  j^jf  of  a  chain  the  links  are  recorded  as  decimal  parts 
of  a  chain.  Thus,  8  chains  and  39  links  is  8.39  chains,  and  8 
chains  and  8  links  is  8.08  chains,  not  8.8  chains. 

When  100-ft.  chains  are  used  measurements  are  kept  in  feet 
as  usual.  Mistakes  of  reading  in  the  wrong  direction  should 
be  avoided  by  reading  the  number  each  side  of  the  required 
reading. 

J  a)  Remark.  Chains  are  heavy  and  clmnsy,  difficult  to  stretch  tight 
t  straight,  change  their  length  rapidly  from  wear,  and  are  at  the  best 
only  gooa  for  comparatively  rough  measurements.  Tapes  are  now  made 
of  such  strength  and  durability  that  even  in  rough  country  they  will  hold 
their  own  with  chains,  and  it  is  only  a  question  of  time  when  they  will 
pix>bably  replace  them  altogether. 

50.  General  Method  of  Chaining.  The  two  chainmen 
are  called  head  chainman  and  rear  chainman.  In  ordinary 
work,  however,  whichever  chainman  happens  to  be  nearer  the 
point  towards  which  the  chaining  is  being  done  acts  as  head 
chainman.    The  method  of  chaining  depends  upon  whether 
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the  distance  to  be  measured  is  less  or  greater  than  the  lei^tli 
of  the  tape. 

(a)  Measurements  less  than  the  length  of  the  tape.  If  the  tape 
is  graduated  continuously  from  zero,  every  foot  being  subdi- 
vided into  tenths,  no  special  directions  are  required.  Which- 
ever chainman  has  the  zero  end  of  the  tape  holds  it  at  one 
point  and  the  other  chainman  reads  the  tape  at  the  other  point. 
In  many  tapes,  however,  although  the  foot  at  each  end  of  the 
tape  is  subdivided,  there  are  no  subdivisions  in  the  interme- 
diate feet.  Suppose  it  is  desired  to  measure  a  distance  from  A 
to  B  which  is  less  than  the  length  of  such  a  tape.  One  chain- 
man  holds  the  zero  end  at  A,  the  other  chainman  notes  which 
even  foot-mark  is  just  beyond  B,  and  holds  that  mark  at  B, 
calling  out  what  it  is.  The  tape  is  tightened  and  the  zero  is 
no  longer  at  A.  The  first  chainman  mentally  subtracts  a  foot 
and  adds  the  tenths,  reading  the  tenths  not  from  the  end  of  the 
tape  but  from  the  first  foot-mark.  The  important  thing  to 
notice  is  that  the  final  reading  is  made  by  the  chainman  who 
is  at  the  end  of  the  tape.  As  he  calls  out  the  final  reading, 
the  other  chainman  must  hsten  to  make  sure  that  a  foot  has 
been  subtracted  from  the  reading  which  he  first  gave,  and  if  it 
has  been,  he  calls  out  ''AH  right." 

(6)  lUttatration.  The  distance  from  A  to  jB  is  60.8  feet.  One  chain- 
man  holds  the  zero  at  A.  The  other  chainman  finding  that  the  61  foot- 
mark falls  just  bevond  B,  holds  that  mark  at  B  and  calls  out  "61."  The 
firat  chainman  pulls  back  the  tape  until  it  is  tight,  finds  that  A  is  eight 
tenths  from  the  first  foot-mark  (not  from  the  end  of  tape  or  zero),  men- 
tally subtracts  a  foot  from  61  and  calls  out  "60.8."  The  other  chainman, 
noticing  that  a  foot  has  been  subtracted  from  his  own  reading  of  61,  calls 
out  "All  right." 

(c)  Note.  Students  are  urged  to  follow  out  precisely  the  directions 
just  given.  There  are  other  methods,  of  course,  but  unless  some  one 
method  is  adopted  and  always  used,  there  is  sure  to  be  trouble.  If  the 
chainman  at  the  end  of  the  tape  always  gives  the  final  reading,  no  question 
arises  as  to  whether  the  tenths  are  to  be  added  or  subtracted.  Sui>po8e, 
for  example,  in  the  preceding  illustration  the  chainman  at  the  end  simply 
calls  out  "Eight  tenths";  if  the  other  chainman  has  to 'make  the  final 
reading,  he  may  think  that  it  is  eight  tenths  from  the  end,  or  eight  tenths 
J'olBf,"  and  will  then  read  60.2  instead  of  60.8.  Remember,  then,  that  it 
is  the  chainman  at  the  end  of  the  tape  who  makes  the  final  reading,  and 
that  it  is  understood  that  the  other  chainman  never  subtracts  a  foot  oefore 
calling  out  the  even  foot-reading. 

(d)  Remark.  It  will  be  noticed  that  nearly  every  precaution  in  read- 
ing the  tape  thus  far  mentioned  would  be  unnecessary  if  every  foot  on 
the  tape  were  nimibered,  and  if  each  foot  were  subdivided.  The  first 
cost  of  such  a  tape  is  greater,  but  in  the  end  this  is  more  than  made  up 
by  the  time  saved  and  the  mistakes  avoided. 

(e)  Measurements  greater  than  the  length  of  the  tape.  In  chain- 
ing between  two  points  when  the  distance  is  greater  than 
the  length  of  tape,  three  things  must  be  kept  in  mind:  (1)  The 
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chaining  must  be  done  in  as  direct  a  line  as  possible:  (2)  The 
point  where  the  end  of  the  tape  comes  each  time  must  be. care- 
fully marked;  (3)  The  tape  must  be  stretched  straight  and 
tight  each  time.  Any  method  may  be  used  that  accomplishes 
these  things  without  loss  of  time.  It  is  customary  for  the 
rear  chainman  to  line  the  head  chainman  in  every  time  he 
moves  ahead,  although  in  very  accurate  work  this  is  done  from 
the  transit.  Chaining-pins  are  ordinarily  used  to  mark  the 
points  at  the  end  of  the  tape;  for  accurate  work  stakes  may 
be  set  and  a  tack  or  a  knife-mark  on  the  stake  used  to  indi- 
cate the  exact  point.  The  chainmen  should  agree  upon  some 
set  of  signals  similar  to  those  used  in  the  following  illustration. 

if)  lUuatration.  Required  to  chain  from  A  to  B,  distance  634.3  feet 
wita  a  100-foot  tape.  Rear  chainman  (R.C.)  holds  the  aero  end  of  the 
tape  at  A  and  motions  the  head  chainman  (H.C.)  into  line  with  a  pole 

hdd  or  set  at  B.     R.C.  i  •         • 

oiit  '*Stick,"  or  ''All  rig. 

tape  and  calls  out  "Stuck  _  ..  

on,  draffgin^  the  tape  after  him  and  keeping  himself  approximately  in 
line  by  loolang  back  at  A  over  the  pin  already  set.  When  the  zero  end 
ct  the  tape  reaches  the  pin,  R.C.,  who  is  following,  calls  out  "Chain,''  a 
signal  for  H.C.  to  stop.  H.C.  then  holds  the  zero  at  the  pin  and  the  process 
is  repeated.  The  short  distance  from  the  last  pin  to  the  station  (34.3  feet) 
is  measured  according  to  the  method  of  paragraph  (a).  Coimting  the 
last  pin  that  was  set,  the  rear  chainman,  if  he  ^tnered  up  the  pins  as 
he  went  along,  should  have  six  pins,  which  tells  hun  that  up  to  that  point 
the  l^pe  was  stretched  six  times,  or  it  h  600  feet. 

51.  End  Graduation.  It  is  sometimes  uncertain  just  what 
points  of  a  tape  to  take  for  its  ends.  For  example,  the  foot 
at  each  end  may  or  may  not  include  the  handle.  To  find  out, 
compare  with  some  intermediate  foot  of  the  tape. 

52.  Setting  the  Chaining-pins.  Stick  the  pin  in  the 
ground  slanting,  afr  right  angles  to  the  line,  so  that  it  slides 
under  the  tape,  with  its  center  opposite  the  graduation-point  on 
the  tape.  On  the  whole  this  is  better  than  sticking  a  pin  with 
its  edge  against  the  end  of  the  tape  or  opposite  a  graduation. 

53.  Chaining  on  a  Slope.  In  measuring  a  slope  there  are 
two  ways  of  getting  the  horizontal  distance,  which  is  the  dis- 
tance usually  required  in  surveying;  (1)  To  measure  along  the 
sbpe  and  correct  this  measurement  by  calculation;  (2)  To 
take  such  precautions  that  the  tape,  instead  of  resting  on  the 
ground,  will  be  horizontal  every  time  it  is  stretched  for  a  measure- 
ment. 

(a)  First  method.  The  calctdated  correction  for  elope.  If  e 
is  the  difference  between  the  length  on  a  slope  and  the  horizon- 
tal projection,  d  the  difference  in  elevation  of  the  two  ends  of 
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the  slope,  and  i  the  length  of  the  slope,  then  approximately 

Or  if  the  angle  x  which  the  slope  makes  with  the  horizontal 
18  known,  then  the  horizontal  projection  of  the  slope  is  »  cos  x. 

(6)  Second  method.  Chaining  with  tape  horizorUal,  Usually 
it  is  easier  and  better  to  chain  down-hill  than  to  chain  up-hill. 
The  up-hill  end  of  the  tape  is  held  on  the  ground;  the  down-hill 
end  is  held  high  enough  off  the  ground  to  make  the  tape  hori- 
zontal, and  the  point  on  the  ground  under  the  down-hill  end  is 
found  by  using  the  plumb-bob.  The  process  is  repeated  in  a 
series  of  steps,  the  tape  corresponding  to  a  tread,  and  the  plumb- 
line  to  a  riser.  Chaining  up-hill  is  the  reverse  of  this  process, 
but  it  is  more  difficult.  In  either  case  there  is  but  one  good 
way  of  holding  the  down-hill  end  of  the  tape.  Stand  with 
one  side  of  the  body  towards  the  other  chainman,  the  tape 
passing  across  in  front  so  that  when  it  is  stretched  the  hand 
and  arm  holding  the  tape  are  pulled  against  the  other  side 
of  the  body.  In  this  way  the  weight  of  the  body  resists  the 
pull,  steadies  the  end  of  the  tape,  and  leaves  one  hand  free  to 
manipulate  the  plumb-line. 

(c)  Practical  9V(fgestion9.  Use  short  lengths  of  the  tape,  the  steeper 
the  slope  the  shorter  the  length:  on  very  steep  slopes  use  ten-foot  lengths 
or  shorter.  Dropping  pebbles,  chain-pins,  or  p|lumb-bob  from  the  raised  end 
of  the  tape  to  find  the  point  underneath  will  give  only  approximate  results. 
The  transit-pole,  held  vertical  by  means  of  a  plumb-line,  is  sometimes 
used.  Accurate  results  maj^  be  obtained  by  driving  stakes  in  line,  short 
distances  apart,  and  measuring  between  them,  using  the  plumb-line:  this 
will  often  require  more  than  two  chainmen.  Better  results  stiU  will  tcdlow 
if  a  tripod  is  placed  over  the  down-hill  stake  to  sm)port  the  end  of  the 
tape  and  hold  the  plumb-line  steady.  The  tripod  belonging  to  the  transit 
or  level,  detached  from  the  instrument,  will  answer  the  purpose,  or,  if 
much  or  such  chaining  is  to  be  done,  construct  two  rough  tripods.  Four 
men  with  two  tripods  can  chain  a  steep  slope  aociu'ately  and  quickly; 
while  three  of  the  men  are  measuring^  between  two  stakes,  a  fourth  man 
can  be  setting  the  tripod  which  is  not  in  use  over  the  next  down-hill  stake. 

54.  Precautions  to  Insure  Accuracy.  In  ordinary  work 
no  account  is  taken  of  small  errors  in  the  length  of  the  tape, 
and  temperature,  pull,  and  sag  are  neglected.  Ordinary  chain* 
pins  are  used;  the  rear  chainman  lines  the  head  chainman  in, 
and  slopes  are  measured  by  holding  the  tape  horizontal  judged 
by  the  eye  alone.  In  very  accurate  work  the  length  of  tape  is 
carefully  tested;  the  temperature  noted  during  chaining  and 
the  correction  applied;  the  pull  kept  standard  with  the  spring- 
balance;  the  tape  supported  at  short  intervals  to  eliminate  sag, 
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cyr  dad  the  sag  oorreetion  is  determined;  some  device,  as  a  ^e 
scratch  on  top  of  a  stake,  marks  the  chain-lengths  in  place  of 
the  chain-pins.  The  chainmen  are  lined  in  from  the  transit,  or 
else  stakes  are  set  in  line  (or  the  use  of  the  chainmen;  measure^ 
m^its  are  made  horizontal  by  stakes  set  on  a  level,  or  if  on  a 
grade,  the  correction  for  the  slope  is  determined.  For  work  be- 
tween ordinary  work  and  extremely  accurate  work  precautions 
must  be  adopted  to  correspond.     (See  the  next  chapter.) 

55.-  Errors.  Some  of  the  things  which  chainmen  should 
know  concerning  errors  in  chaining  are: 

1.  Sources  and  relative  importance  of  errors. 

2.  Methods  for  eliminating  or  correcting  errors. 

3.  Customary  limits  of  error  for  different  kinds  of  work. 

4.  Field-work  requirements  corresponding  to  different  limits 
of  error. 

These  subjects  are  more  fully  discussed  in  the  next  chapter. 
56.  Summary.     (From  preceding  pages.) 
(a)  Some  things  a  chainman  should  do, 

1.  Find  the  exact  points  which  mark  the  ends  of  a  tape. 

2.  Find  by  what  method  the  tape  is  graduated,  and  note  how 
it  must  be  read. 

3.  Agree  on  a  set  of  signals  with  the  other  members  of  the 
party. 

4.  Find  by  trial  what  an  8-  or  12-pound  pull  feels  like. 

5.  See  that  the  tape  is  straight  and  exert  a  steady  standard 
pull  while  measuring. 

6.  Find  out  the  limit  of  error  and  work  accordingly. 

7.  Keep  the  tape  horizontal  and  use  short  lengths  on  steep 
slopes. 

8.  Line  in  and  stick  the  chain^pins  correctly. 
d.  Ke^  the  right  count  of  tape^lengths. 

10.  Unless  every  foot  on  the  tape  is  numbered  make  sure 
of  a  reading  by  looking  at  the  number  on  each  side  of  it. 

11.  When  only  the  end  foot  is  subdivided  the  chainman 
at  the  end  of  the  tape  should  invariably  make  the  final  reading. 

12.  The  head  chainman  should  keep  himself  approximately 
"in  hne"  by  looking  backward  over  the  line.  He  should  lift  his 
end  of  the  tape  to  straighten  it,  and  then  let  it  down  slowly 
on  the  line  to  be  sure  that  it  remains  straight.  In  accurate 
work,  after  the  pin  is  stuck,  he  should  lift  the  chain  as  before 
and  let  it  down  again  to  test  the  position  of  the  pin;  frequently 
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this  test  will  show  that  the  pin  has  not  been  set  in  exactly  the 
right  plaee. 

13.  When  calling  out  a  measurement  to  a  note-keeper  make 
sure  that  he  gets  it  by  having  him  repeat  it  after  you. 

14.  In  extremely  accurate  work  use  the  spring-balance  and 
thermometer,  and  eliminate  sag  by  supporting  the  tape.  In. 
such  work  it  is  more  necessary  than  ever  to  compare  the  tape 
with  some  standard  length. 

15.  Be  constantly  on  the  alert  to  preserve  the  tape  from 
injury.  When  not  in  use,  stretch  it  beside  a  fence  or  in  some 
out-of-the-way  place  where  it  will  not  be  stepped  on.  Keep 
in  touch  with  the  work  so  as  to  notice  any  measurements 
inadvertently  omitted,  and  to  anticipax;e  directions  from  the 
head  of  the  party 

(6)  Some  things  a  chainman  shotUd  not  do, 

1.  Don't  jerk  the  tape,  or  pull  on  it  when  it  is  kinked,  or  let 
vehicles  run  over  it,  or  bend  it  sharply  into  comers,  or  step  on 
it.     Don't  lose  the  handles:  tie  them  on. 

2.  Don't  split  hairs  lining  in. 

3.  Don't  forget  to  subtract  a  foot  from  the  reading  if  it  ought 
to  be  subtracted.     Don't  read  from  the  wrong  end  of  the  tape. 

4.  Don't  disturb  the  chaining-pin,  or  let  it  be  pulled  over. 

5.  Don't  let  go  of  the  tape  imtil  the  other  chainman  signals. 

6.  Don't  stick  the  pin  until  the  other  chainman  signals. 

7.  Don't  pull  up  the  pin  until  sure  that  it  will  be  no  longer 
needed. 

8.  Don't  hit  the  leg  of  the  transit  when  measuring  near  it. 

9.  The  rear  chainman  should  not  get  in  the  line  of  sight  when 
the  transitman  is  Hning  in  the  head  chainman. 

10.  If  the  tape  is  in  a  leather  or  metallic  box  do  not  keep 
pulling  the  tape  out  and  winding  it  up;  if  much  work  is  to 
be  done,  it  may  be  better  to  detach  the  box. 


CHAPTER  V 

ERRORS  IN  LINEAR  MEASUREMENTS 

In  this  chapter  sources  of  error  in  chaining  are  pointed  out,  the  relative 
finportanoe  of  errors  from  dififerent  sources  is  discussed,  and  methods  of 
correction  or  elimination  are  given.  Limits  of  i)recision  are  suggested 
for  different  kinds  of  work,  and  field-work  requirements  are  indicated 
for  different  limits  of  precision.  A  general  classification  of  errors  is  given 
on  p.  9,  and  it  is  necessary  in  studying  this  chapter  to  keep  clear^  in 
mind  the  difference  between  accidenial  and  constant  errors,  and  between 
eumtdative  and  compensating  errors.  The  distinction  between  discrepant 
and  error  is  also  an  important  one.  since  the  discrepancy  between  dupli- 
cate measurements  may  or  may  not  indicate  the  precision  of  the  work 
(see  Art.  20,  p.  11). 


57.  Sources  of  Error  in  Chaining. 

(1)  Error  in  the  length  and  in  the  graduations  of  the  tape.* 

(2)  Errors  due  to  temperature,  and  to  other  natural  sources. 

(3)  Errors  in  manipulation,  —  tape  not  horizontal,  not 
stretched  tight,  imperfect  alignment,  sag,  pull,  and  marking 
tape-lengths. 

(4)  Personal  errors.  Mistakes  in  reading  the  tape.  Blunders, 
— such,  for  example,  as  occur  in  counting  tape-lengths. 

58.  Error  Expressed  by  a  Ratio.  3^,  y^,  j^^,  etc., 
mean  an  error  of  1  part  in  500,  or  1  part  in  1000,  or  1  part  in 
12000,  and  so  on. 

Illustration.  An  error  of  0.05  feet  in  a  measurement  of  714.85 
feet  is:   0.05 4- 714.85 =t^Jt7,*  or  about  ydhnr- 

59.  Error  In  tlie  Length  of  the  Tape.  Cumulative  and 
important.  Plus  or  minus  according  to  whether  the  tape  is  too 
short  or  too  long.  If  a  tape  is  too  shorty  the  measured  distance 
between  two  fixed  points  will  be  longer  than  the  true  distance 
(error  plus);  and  contrariwise  if  the  tape  is  too  long,  the  meas- 
ured distance  will  be  shorter  than  the  true  distance  (error  minus). 

♦The  error  in  the  length  of  a  steel  tape  is  relatively  small  and  remains 
•0,  bat  in  a  chain  it  often  becomes  large  from  connecting  rings  being 
itietohed,  links  being  bent,  or  joints  becoming  worn. 

39 
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(a)  lUuatratum.  The  true  distance  between  two  points  is  400  feet. 
If,  however,  this  distance  is  measured  with  a  100-ft.  tape  which  is  0.02  ft. 
too  short  (i.e.,  length =99.98  ft.),  the  result  will  be  400 -i- 0.9998 =400.08  ft. 
If.  on  the  other  hand,  the  tape  is  0.02  ft.  too  long  (i.e.,  length— 100.02  ft.), 
the  result  will  be  400 -i- 1.0002  =  399.92  ft. 

(6)  To  apply  the  tape  correction.  The  tested  length  of  a  100-ft.  tape 
multiplied  by  0.01  gives  the  length  of  the  tape  in  terms  of  the  standard 
(i.e.,  m  terms  of  ICiO  ft.).  Thus  a  tape  0.1  ft.  too  long  is  100.1  ft.  long, 
or  1.001  times  what  it  should  be.  Call  this  constant  for  any  tape  C,  then 
use  the 

RtUe.     MvUiply  all  measurements  hy  C  to  reduce  to  true  measurements. 

(c) ^Illustration.  In  the  preceding  illustration  the  constant  for  the 
tape  which  is  0.02  ft.  too  short  is  0.9^8,  and  for  the  tape  which  is  0.02  ft. 
too  long  it  is  1.0002;  hence 

Measured  Distance  X  Constant = True  Distanoe. 
400.08  X   0.9998    =      400  ft. 

399.92  X   1.0002    =      400  ft. 

In  establishing  one  point  at  a  required  distance  from  another  poinv 
the  nUe  is  reversed.  Rule.  Divide  the  required  distance  by  C:  the  remdt 
is  the  actual  (false)  distance  to  measure  off. 

id)  lUustraHon.  It  is  required  to  establish  one  point  400  ft.  from  another 
point  with  a  tape  0.02  ft.  too  short  (i.e.,  C=- 0.9998);  then  the  f^dse  dia- 
tanee  which  must  be  measured  o£F  is  400-**a9908»40(>.08  ft. 

60.  Error  due  to  the  Tape  not  being  Horizontal.  Error 
is  cumulative,  plus,  and  important.  Eliminated  by  the  method 
of  Art.  53. 

61.  Error  when  the  Tape  is  not  Stretched  Tight  and 
Straight,  (Ends  in  line,  tape  lying  on  surface  of  ground,  but 
not  stretched  tight.)     Cumulative,  plus,  and  important. 

62.  Error  due  to  Temperature.  Error  is  cumulative, — plus 
when  the  temperature  is  below  the  standard  temperature 
for  the  tape,  minv^  when  it  is  above.  The  length  of  a  100-ft. 
steel  tape  may  be  changed  more  than  i  inch  by  an  extreme 
change  in  temperature  from  20°  to  90°  Fah.  In  accurate  work 
this  source  of  error  must,  as  far  as  possible,  be  eliminated  by 
noting  the  temperature  and  applying  the  correction.  In 
ordinary  work  temperature  may  be  neglected.  Base-lines  are 
usually  measured  on  a  cloudy  day  (sometimes  at  night),  so  that 
the  tape  may  be  nearer  the  temperature  of  the  atmosphere. 
The  temperature  of  a  tape  lying  in  the  sun  is  difficult  to  obtain. 

(a)  Note.  If  the  coefficient  of  expansion  of  a  steel  tape  is  not  known, 
use  0.0000065  per  1*  Fah.  or  100X0.0000065  =  0.00065  ft.  change  per 
1*  Fah.  for  a  tape  100  ft.  long.  Thus  70X0.00065-0.0466  ft.  for  ex- 
tremes of  70°  change  for  a  lOO^foot  tape.  The  following  approximate 
rate  of  change  is,  perhaps,  the  easiest  to  remember.  The  length  of  a  lOO-fU 
steel  tape  changes  \hs  of  a  foot  for  every  16°  {Fah.)  change  of  temperature. 

(6)  Rem/irks.  The  error  due  to  temperature  may  be  quite  large,  and 
in  certain  lines  of  work  it  is  too  often  neglected  by  surveyors.  A  city 
block,  for  example,  400  ft.  to  500  ft.  long,  measured  with  the  same  tai>e 
may  be  found  apparently  2"  or  3"  shorter  in  summer  than  in  winter,  if  it 
IS  in  a  climate  where  the  thermometer  ranges  from  0*  to  90**  (Fah.). 
^  {c)  An  experiment.  In  order  that  the  effect  of  even  a  small  obanjie 
in  temperature  may  be  perfectly  evident,  and  incidentally  to  show  t£e 
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b  also  of  tl»  sun's  t&^,  the  students  in  the  author's  classes  are  ra- 
xi  to  make  the  loUowmg  experiment:  About  noon  on  a  clear  day-  a 
t.  0teel  tape  is  stretched  across  supporting  8take8>  set  on  line  20  ft. 
part,  with  their  tops  on  a  level.  A  12-pound  pull  is  kept  by  means  of  a 
prins-balance,  and  a  fine  e^ctutch  is  made  on  the  top  of  the  stake  at  each 
ndof  the  tape.     At  about  5  p.m.  of  the  same  day  the  tapd  is  again  stretched 


Affect  also  of  the  su 

quired 

lOO-ft.  ..  _ 

apart,  with  their  tops  on  a  level.     A  12-pound  pull  is  kept  by  means  of  a 

sprin 

under  the  same  conditions.  The  scratches  macie  at  noon  are  often  found 
to  he  i"  or  more  farther  apart  apparenHy,  than  when  they  were  made. 
This  shrinkage  of  \"  in  the  tape  corresponds  to  a  fall  of  15°  in  tempera- 
ture, but  the  change  in  the  atmosphere  may  have  been  much  less  than 
this.  A  large  part  is  due  to  the  sun,  which  at  noon  shone  on  the  tape 
with  much  greater  intensity  than  at  five  o'clock.  Still  more  striking  re- 
sults may  be  obtained  by  repeating  the  experiment  with  the  tape  stretched 
in  contact  with  the  warm  ground  or  a  hot  pav^nent. 

63*  Error  in  Alignment.  Error  is  cumulative  and  plus^ — 
relatively  unimportant.  Much  time  is  often  wasted  in  split- 
ting hairs  when  'fining  in''  with  the  transit.  Setting  pins  as 
much  as  six  inches,  first  one  side  and  then  the  other  of  the 
line,  affects  me€isur«nents  but  little.  In  ordinary  work  the 
chainmen  line  themselves  in.  The  rear  chainman  moves  his 
hand  right  or  left  to  line  the  head  chainman  in:  a  vigorous 
motion,  move  quite  a  distance;  a  slight  motion »  a  small  dis- 
tance. Much  time  can  be  saved  if  the  head  chainman  will  line 
himself  in,  approximately,  by  looking  backward  over  the  head 
of  the  rear  chainman  to  the  point  or  station  from  which  the 
measurement  is  being  made.  In  accurate  work  the  transitman 
''lines  in''  the  head  chainman,  in  which  case  the  rear  chainman 
must  keep  out  of  the  line  of  sight.  Range-poles  are  sometimes 
used  in  lining  in. 

44.  Error  due  to  Sag.  Error  is  cumulative  and  pZtid. 
There  are  three  ways  of  eliminating  error  due  to  sag.  (1)  Put 
an  extra  pull  on  the  tape  which  will  stretch  it  enough  to  offset 
the  sag — quite  difficult  to  do.  (2)  Calculate  the  correction  from 
the  equation  of  the  curve  and  apply  the  correction.*     If,  how- 

*  The  following  formulas  for  sag  and  pull  are  derived  in  Johnson's 
Surveying,  p.  505: 

c*' excess  (in  inches)  in  length  of  curve  over  the  linear  distance  between 

supports;  ^=" distance  between  supports  in  inches; 

v— weight  of  one  inch  of  tape  in  pounds;  P  =  pull  in  pounds. 

d  (wd\^ 
*'"24Vpy  • 

Cj.— correction  for  pull  in  inches;  Z=- length  of  tape  in  Incheflt 

iS" cross-sectional  area  of  tape  in  square  inches: 

£— modulus  of  elasticity.     (It  not  known  for  the  tape  it  may  be  taken 
at  28,000,000) 

The  pull  required  to  balance  sag  is 


Pn  — T  — 24 — *     (This  pull  is  called  normal  tenaion.) 
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ever,  work  is  important  enough  for  sag  to  be  taken  into  account 
it  will  usually  warrant  the  expense  of  (3)  providing  supports 
near  enough  together  to  practically  eliminate  sag. 

65.  Errors  due  to  Uneven  Pull.  If  the  pull  is  always  too 
large  or  always  too  small  the  error  becomes  cumulative  other- 
wise it  may  be  compensating.  Pull  is  unimportant  except 
in  very  accurate  work;  ordinarily  guessed  at;  it  should  be 
strong  but  steady,  from  8  to  12  lbs.  One  can  guess  nearer  if 
he  actually  experiments  with  a  spring-balance  a  few  times. 
An  ordinary  100-ft.  steel  tape  stretches  less  than  xir  o^  ^^  i^^h 
per  pound  of  pull. 

66.  Errors  in  Marking  Tape-lengths.  Compensating,  ex- 
cept for  very  short  lines;  important.  When  chain-pins  are 
used,  observe  the  directions  on  p.  35  for  setting  pins.  In 
accurate  work  the  error  is  greatly  reduced  by  making  fine 
scratches  to  mark  the  tape-lengths.  Disturbing  pins  after  they 
are  set  must  be  classed  as  a  blunder.  One  of  the  greatest  sources 
of  error  in  marking  tape-lengths  is  in  pliunbing  down  from  an 
end  of  the  tape  held  off  the  ground. 

67.  Errors  in  Reading  the  Tape.  Compensating.  Errors 
in  reading  the  tape  are  not  likely  to  be  important  unless  large 
enough  to  be  classed  as  actual  mistakes  or  blimders.  In  very 
accurate  work,  however,  such  as  the  measurements  of  base-lines, 
they  become  important,  and  some  device  provided  with  a 
microscope  or  magnifying-glass  is  often  used  for  observing 
graduation-marks  on  the  tape.  If  the  tape  is  graduated  con- 
tinuously throughout  its  length,  important  sources  of  mistakes 
are  avoided.  Otherwise  chainmen  forget  to  subtract  the  one 
foot  from  the  first  reading  (see  Art.  50,  p.  34),  or  they  read 
from  the  wrong  end  of  the  tape,  especially  if  the  distance  is 
only  a  little  greater  or  less  than  half  the  length  of  the  tape. 
Thus,  39  ft.  instead  of  61  ft.,  or  55  ft.  instead  of  45  ft.  (see  p.  33). 

Another  conmion  mistake  is  to  read  on  the  wrong  side  of  a 
number,  as,  for  example,  41  instead  of  39  (see  p.  33).  This 
mistake  is  most  likely  to  occur  when  the  numerals  on  the  tape 
are  placed  at  the  five-foot  points  only,  but  even  when  using  a 
tape  that  has  every  foot  numbered  it  is  best  to  follow  the  rule 
on  page  33  and  read  the  number  on  each  side  of  the  given  point. 

Blunders  in  keeping  count  of  tape-lengths  are  very  common. 
When  pins  are  used  such  blunders  may  be  avoided  by  keeping 
tally  with  the  pins  (p.  35). 
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68.  Sources  of  Errors  in  Chaining. — ^Summary. 

1.  Incorrect  len^h  of  tape Cumulative       +  or  — 

2.  Tape  not  stretched  horizoniaUy. Cumulative  + 

3.  Tape  not  stretched  tight  and  straight, 

but  both  ends  in  Une Cumulative  + 

4    Error  due  to  temperature Cumulative  +  or  — 

6.  Error  in  alignment Cumulative  + 

6.  Error  due  to  sag Cumulative  4- 

7.  Variation  in  pull Compensating  i 

8.  Error  in  setting  chain-pins Compensating  ± 

9.  Disturbing  pins  after  they  are  set Blunder 

10.  Eirrors  in  reading  the  tape Mistake 

11    Incorrect  count  of  tape-lengths Blunder 

69.  Relative  Importance  of  Sources  of  Error.     As  an  aid 

to  the  discussion  of  this  subject  a  table  has  been  prepared 
showing  for  each  source  of  error  the  conditions  which  will  cause 
an  error  of  0.01  ft.  (or  about  i  in.)  in  a  distance  of  100  ft. 
Some  of  the  values  given  will  differ  for  different  tapes,  but  they 
are  approximately  correct  for  the  average  100  ft.  steel  tape. 
Conditions.  Error. 

1.  Length  of  tape.    A  difference  of  i  in.  from  standard 

length 0.01  ft. 

2.  Tape  not  horizontal.    One  end  1.4  ft.  higher  than  the 

other  end 0.01  " 

3.  Tape  not  stretched  tight.     Center  of  tape  0.7  ft.  or 

8f  in.  out  of  line 0.01  " 

4.  Temperature,    For  every  fifteen  degrees  change 0.01  " 

5.  Alignment.     One  end  of  tape  in  line,  the  other  1.4  ft. 

out  of  hne 0.01  " 

6.  Sag.     The  middle  of  the  tape  0.61  ft.  or  7f  in.  below 

the  ends 0.01" 

7.  PuU.     For  every  15  pounds  pull. 0.01  " 

8.  Marking  tape-lengths.     Error  of  \  in.  in  marking  or 

plimibing 0.01  " 

9.  Reading  tape.    Errorof  ^in.  in  reading 0.01  " 

(a)  From  inspection  of  this  table  it  is  evident  that  an  error 
of  0.01  ft.  in  100  ft.  is  much  more  likely  to  occur  from  some 
sources  than  from  others.  It  is  quite  likely  that  the  tem- 
perature will  vary  15°,  but  not  at  all  likely  that  the  pull  will 
vary  15  pounds.  Chainmen  are  more  likely  to  chain  along 
a  slope  without  realizing  that  one  end  of  the  tape  is  1.4  ft. 
lower  than  the  other  than  they  are  to  allow  one  end  of  the 
tape  to  get  1.4  ft.  out  of  line  when  chaining  between  two  points. 

A  steel  tape,  imknown  to  the  surveyor,  may  be  f  too  long 
or  too  short,  and  though  it  may  not  occur  to  him  to  test  the 
length  of  the  tape,  yet  he  is  very  careful  not  to  make  an  error 
of  }  in.  in  marking  tape-lengths  (an  error  less  important  because 
compensating). 
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In  ordinary  work  certain  errors  like  that  due  to  tempera- 
ture are  unimportant,  because  it  is  not  necessary  to  take  them 
into  account  in  order  to  gain  the  required  precision,  and  for  that 
class  of  work  they  are  said  to  be  inappreciable  (see  Art.  23) ;  but 
for  city  work  and  other  accurate  work  these  same  errors  become 
appreciable  and  important. 

(6)  In  judging  of  the  relative  importance  of  errors  the  fol- 
lowing additional  points  are  to  be  kept  in  mind: 

1.  Cumulative  errors  are  more  important  than  compensating 
errors,  but,  as  shown  above,  not  all  cumulative  errors  are  equally 
important. 

2.  In  a  short  line  a  compensating  error  may  occur  only  once 
or  twice  and  thus  fail  to  be  compensating.  For  examplei 
if  the  length  of  a  line  is  a  little  less  than  two  tape-lengths,  any 
error  in  marking  the  end  of  the  first  tape-length  is  not  com- 
pensating. The  more  tape-lengths  there  are  in  a  line  the  more 
likely  are  such  errors  to  be  truly  compensating,  and  the  more 
times  a  line  is  measured  the  more  likely  are  accidental  errors 
to  disappear  from  the  mean.     (See  p.  13.) 

3.  One  cumulative  error  sometimes  balances  another  cumu- 
lative error.  For  example,  a  strong  pull  may  offset  sag,  or 
high  temperature  may  offset  a  slight  shortage  in  the  length 
of  a  tape. 

4.  Other  things  being  equal,  it  is  most  imp)ortant  to  guard 
against  those  errors  which  are  most  likely  to  occur. 

70.  Limits  of  Error.  The  allowable  error  in  chaining  is 
often  determined  by  the  time  and  money  spent  on  a  sur- 
vey and  not  by  the  importance  of  obtaining  accurate  results. 
Assuming,  however,  that  the  surveyor  can  proceed  regardless 
•  of  time  or  expense,  he  should  for  any  particular  piece  of  work 
determine  the  limit  of  error  within  which  the  chainmen  must 
come.  The  purpose  of  a  survey  determines  this,  but  different 
parts  of  the  same  survey  may  require  different  degrees  of  accu- 
racy. For  example,  a  survey  is  made  of  a  city  lot  with  build- 
ings on  it,  to  be  plotted  to  a  scale  of  1"  =  20  ft.  Unless  the 
dimensions  of  the  buildings  are  to  be  put  on  the  map  or  kept 
for  record,  no  great  care  is  necessary  in  measuring  them,  for 
-fg  of  an  inch  on  the  map  equals  a  foot,  and  an  error  of  less 
than  }  ft.  will  hardly  show.  On  the  other  hand,  the  lengths 
of  boundary-lines  should  be  determined  as  accurately  as  possi- 
ble, because  these  lengths  should  be  written  on,  the  map  (by 
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numerals  and  dimension  lines)  regardless  of  scale,  and  if  incor- 
rect they  may  give  rise  to  boundary  disputes.  In  general ^  then, 
the  greatest  pains  should  be  taken  in  measuring  distances  to  be 
preserved  in  records  or  on  maps  in  actual  figures^  while  distances 
ihat  wUl  be  scaled  from  a  map,  or  distances  needed  simply  to  plot 
a  mapy  may  be  measured  less  carefully.  It  is  one  thing  to  know 
the  precision  required,  it  is  another  thing  to  obtain  it.  Some 
conditions  affecting  accuracy  of  the  work  are:  (1)  Correctness 
and  fineness  of  the  graduations  on  the  tape;  (2)  Nature  of 
the  ground  chained,  hilly  or  level,  open  or  covered  with  trees 
and  underbrush;  (3)  Speed,  i.e.,  time  spent  as  determined  by 
the  importance  of  the  work  or  the  allowable  cost;  (4)  Weath- 
er— clear  or  cloudy,  very  hot  or  very  cold,  calm  or  windy; 
(5)  The  effectiveness  of  devices  for  stretching  and  supporting 
the  tape,  and  for  measuring  temperature;  (6)  The  ability  of 
the  chainmen,  and  their  willingness  to  take  pains. 

71.  Probable  Error  of  a  Line  N  Tape-lengths  Long- 
(a)  A  line  N  tape-lengths  long  may  be  regarded  as  the  sum 
of  N  measurements.  If  the  probable  error  of  each  measure- 
ment (a  tape-length  long)  is  the  same,  and  this  probable  eiror 
is  represented  by  r,  then  from  formula  (4),  p.  18,  Re  ^\/Nr^ 
or  Rt=r\/N,  Thus  it  is  seen  that  the  probable  error  of  the 
total  observed  length  of  a  line  may  be  found  by  multiplying 
the  probable  error  of  one  tape-length  by  the  square  root  of 
the  number  of  tape-lengths  (i.e.,  length  of  the  hne  in  tape- 
lengths).  The  more  completely  the  constant  errors  are  elim- 
inated, and  the  more  completely  the  other  assumptions  of 
"least  squares'*  are  fulfilled,  the  nearer  this  formula  is  to  the 
truth.  Its  use,  therefore,  is  chiefly  confined  to  work  of  great 
precision.  * 

(b)  In  ordinary  chaining  the  accuracy  of  the  work  is  judged 
in  most  cases  by  the  discrepancy  between  two  measurements 
of  the  line  made  with  the  same  care.  In  such  a  case  constant 
errors  do  not  affect  the  discrepancy.  (Why?)  And  since  this 
discrepancy  is  largely  due  to  accidental  errors,  it  will  not  vary 
in  proportion  to  the  length  of  the  line.  On  the  other  hand, 
the  number  of  tape-lengths  is  usually  too  small  to  warrant 
the  application  of  the  theory  of  least  squares  without  resei> 
vation.  All  that  can  be  said  is  that  if  the  discrepancy  between 
two  measurements  for  a  hundred  feet  (or  tape-length)  is  a  cer- 
tain amount  d,  it  is  likely  that  the  discrepancy  for  any  other 
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length  will  be  D=d\/Nf  where  N  is  the  number  of  tape-lengths. 
This  is  considerably  nearer  the  truth  than  to  say  D—dN, 

(c)  Remark.  In  rough  chaining  constant  errors  are  likely  to  predomi- 
nate, but  in  work  of  great  precision,  where  pains  have  been  taken  to  elimi- 
nate constant  errors,  accidental  errors  are  likely  to  predominate.  Hence 
in  rough  work  the  true  or  unknowable  error  is  likely  to  vary  more  nearly 
as  the  length  of  the  line,  but  as  the  precision  becomes  greater  and  greater 
the  true  error  will  vary  more  and  more  nearly  as  the  square  root  of  the 
number  of  tape-lengths.  Notice  that  this  applies  to  the  true  or  unknow- 
able errors  and  not  to  discrepancies. 

72.  To  Determine  Coefficients  of  Precision,  (a)  When 
the  chaining  is  done  under  such  conditions  as  to  warrant  the 
use  of  the  method  of  least  squares,  the  value  of  r  may  be  deter- 
mined by  measuring  a  line  of  average  length  a  number  of 
times  under  the  conditions  which  will  prevail  in  the  measure- 
ment of  other  lines;  then  from  the  formulas  on  p.  17  deter- 
mine the  error  of  a  single  observation.  Substitute  this  value 
for  Ra  in  the  formula  Rs  =  r\/N,  substitute  for  iV  its  value,  and 
solve  for  r.     (See  p.  59  for  a  complete  illustration.) 

Another  method  is  to  make  duplicate  measurements  of 
several  hnes  of  different  lengths,  and  find  r  from  the  formula 

r= 0.4769 4/—^ — ,  where  d==  difference  between  two   measure- 
r       n 

ments  of  same  line,  2*= sum  of,  n  =  number  of  lines,  and  p  is 

the  weight  for  any  one  line,  which  varies  inversely  as  its  length, 

or  p=-r.     (See  Merriman's  Method  of  Least  Squares ^  p.  103.) 

(6)  For  ordinary  chaining  where  the  use  of  the  method  of 
least  squares  is  hardly  justified,  the  value  of  d  in  D^d\/N 
may  be  obtained  by  measuring  a  line  of  average  length  a  nvun- 
ber  of  times  under  the  prevailing  conditions  of  field  work,  and 
substituting  for  D  the  mean  of  the  discrepancies,  solve  for  d. 

(c)  Illustration.  The  average  length  of  lines  in  a  survey  will  be,  say, 
about  400  ft.  The  chaining  is  to  be  done  under  favorable  conditions. 
Four  measurements  of  a  line,  made  as  nearly  as  possible  with  the  same 
speed  and  under  the  same  conditions  that  will  prevail  in  the  survey,  give 
400.1,  399.95,  400.06,  400.16.  Comparing  the  first  measiurement  with 
each  of  the  other  three,  the  second  with  the  succeeding  two,  the  third 
with  the  fourth,  six  discrepancies  are  obtained  and  the  mean  is 

(0. 15  +  0.06  +  0.05 + 0. 1+ 0.2 + 0. 1 ) -i- 6  =  0. 1083. 
Then  0.1083  •=  dv^,  or  d  =  0.0542^   For  any  other  Une  the  discrepancy  may 
be  expected  to  be  about  0.0542V^iVr,  or  for  a  line  say  900  ft.  long  0.0542^^= 
0.1626  ft. 

73.  Customary  Limits  of  Error,  (a)  The  method  suggested 
in  the  pre^ding   ilbjstration  for  comparing  measurements  of 


ERRORS  IN  LINEAR  MEASUREMENTS  47 

different  lines  is  for  guidance  only,  and  in  determining  the  co- 
efficient d  it  is  absurd  to  carry  results  to  several  decimal  places 
as  was  done  in  that  illustration.  When  it  is  not  worth  while 
to  determine  d  in  the  field  it  may  be  assumed  as  0.01,  0.02, 
0.03,  or  some  other  quantity  which  accords  with  experience. 
In  order  to  give  some  definite  idea  of  what  constitutes  good 
chaining  imder  favorable  conditions,  coefficients  are  suggested 
in  Table  I,  on  the  next  page,  for  different  classes  of  work.  For 
hilly,  rough  country  they  must  be  modified,  especially  if  under- 
brush, bad  weather,  and  other  unfavorable  conditions  prevail. 
Under  such  conditions  coefficients  called  fairly  good  in  the 
table  may  become  good  or  even  excellent,  and  the  same  is  true, 
also,  when  the  purpose  of  the  survey  dees  not  require  very 
accurate  results. 

The  impossibility  of  fixing  any  standard  for  chaining  owing 
to  varying  conditions  is  of  course  apparent,  and  the  coefficients 
given  are  for  guidance  only;  they  should  be  modified,  when 
necessary,  to  accord  with  the  dictates  of  common  sense  and 
experience.  It  is  assumed  that  the  duplicate  measurements, 
from  which  the  discrepancy  in  any  given  case  is  deter- 
mined, are  made  under  approximately  the  same  conditions 
— same  chainmen,  same  tape,  same  temperature,  and  same 
speed. 

The  upper  part  of  the  table  suggests  coefficients,  and  the 
lower  part  gives  the  allowable  discrepancies  for  lines  of  different 
lengths  and  for  different  coefficients. 

(6)  lUuatration.  A  line  is  chained  twice  under  favorable  conditions. 
A  steel  tape  and  plumb-bob  are  used,  the  tape  being  kept  horizontal  by 
the  63^.  The  two  measurements  are  828.91  and  828.88.  The  discrepancy 
is  0.03.  In  Table  I  the  nearest  value  for  800  ft.  is  0.028,  which  corre- 
sponds to  a  coeflicient  of  0.01.  From  the  upper  part  of  the  table  it  is 
seen  that  0.01  is  excellent  for  the  conditions  under  which  the  chaining 
was  done.  If  a  thermometer  and  spring-balance  had  been  used  and  other 
precautions  taken  to  correspond,  it  is  seen  from  the  table  that  0.01  is 
ecMisidered  good  or  fairly  good. 

74,   Limits  of  Precision   Expressed  by  a  Ratio,     (a)  The 

method  of  expressing  errors  by  ratios  (see  p.  39)  is  used  in  two 
ways  to  indicate  limits  of  precision,  viz.:  (1)  To  express  the 
ratio  of  the  probable  error  of  a  single  measurement  or  the 
probable  error  of  the  mean  of  several  measurements  to  the 
length  of  the  line  chained;  (2)  To  express  the  ratio  of  a  dis- 
crepancy to  the  length  of  the  h'ne  chained.  For  reasons  given 
in  Art.  71  the  ratio  of  the  discrepancy  to  the  length  of  the 
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line  may  be  considered  to  indicate  closely  the  variation  to  be 
expected  in  comparatively  short  lines,  but  as  the  lines  become 
longer  the  discrepancy  will  vary  more  nearly  as  the  square  root 
of  the  length.  Table  II  has  been  made  out  on  the  assumption 
that  the  conditions  for  chaining  are  favorable;  for  unfavorable 
conditions  the  values  must  be  modified.  The  warning  against 
the  injudicious  use  of  Table  I  holds  good  for  this  table  also. 
For  lines  less  than  1000  ft.  long  the  values  in  the  two  tables 
correspond  closely  (see  Table  III),  and  hence  it  makes  little 
difference  which  is  used,  although  Table  II  is  in  the  more  con- 
venient form.     For  lines  over  1000  ft.  use  Table  I. 

Table  I 
COEFFICIENTS  OF  PRECISION  FOR    CHAINING 


Conditions ;  Fairly  open ,  level 
ground. 

Measurements  made  with 

Coefficients  for  different  results 

Excellent 

Good 

Fairly  Good 

Chain,    plumb-bob,    chain- 

pins,  average  speed 

Steel  tape,  plumb-bob, 

0.03  to  0.04 

0.05  to  0.08 

0.09  to  0.1 

chain-pins,  average  speed. 

Steel  tape,  spring-balance. 

therm6m.,  sag  eliminated 

0.01  to  0.02 

0.02  to  0.04 

0.04  to  0.05 

, 

0.002  to  0.005 

0.005  to  0.01 

0.01  to  0.02 

ALLOWABLE  DISCREPANCIES  IN 

CHAINING 

Length 

Discrepancies  for  different  values  of  coefficient  "d" 

100 

0.01 

0.02 

.0.03 

0.04 

0.06 

0.06 

0.07 

0.08 

0.09 

0.10 

300 

0.017 

0.035 

0.052 

0.07 

0.09 

0.10 

0.12 

0.14 

0  16 

0.17 

400 

0.020 

0.040 

0.060 

0.08 

0.10 

0.12 

0.14 

0.16 

0.18 

0.20 

600 

0.024 

0.049 

0.073 

0.10 

0.12 

0.15 

0.17 

0.20 

0.22 

0.24 

800 

0.028 

0.057 

0.085 

0.11 

0.14 

0.17 

0.20 

0.23 

0.25 

0.28 

1000 

0.032 

0.063 

0.095 

0.13 

0.16 

0.19 

0.22 

0.25 

0.28 

0.32 

1200 

0.035 

0.069 

0.104 

0.14 

0.17 

0.21 

0.24 

0.28 

0.31 

0.35 

1400 

0.037 

0.075 

0.112 

0.15 

0.19 

0.22 

0.26 

0.30 

0.34 

0.37 

1600 

0.040 

0.080 

0.120 

0.16 

0.20 

0.24 

0.28 

0.32 

0  36 

0.40 

1800 

0.042 

0.085 

0.127 

0.17 

0.21 

0.26 

0.30 

0.34 

0.38 

0.42 

2000 

0.045 

0.089 

0.134 

0.18 

0.22 

0.27 

0.31 

0.36 

0.40 

0.45 

3000 

0.0o5 

0.110 

0.163 

0.22 

0.27 

0.33 

0.38 

0.44 

0.49 

0.65 

4000 

0.063 

0.126 

0.190 

0.25 

0.32 

0.38 

0.44 

0.51 

0.67 

0.63 

5000 

0.071 

0.141 

0.212 

0.28 

0.35 

0.42 

0.49 

0.57 

0.64 

0.71 

6000 

0.077 

0.155 

0.232 

0.31 

0.39 

0.46 

0.54 

0.62 

0.70 

0.77 

7000 

0.084 

0.167 

0.251 

0.33 

0.42 

0.50 

0.59 

0.67 

0.75 

0.84 

8000 

0.089 

0.179 

0.268 

0.36 

0.45 

0.54 

0.63 

0,71 

0.80 

0.89 

9000 

0.095 

0.190 

0.285 

0.38 

0.47 

0.57 

0.66 

0.76 

0.85 

0.95 

Determine  from  the  upper  part  of  the  table  the  coefficient  to  be  used. 
Enter  the  column  in  the  lower  part  of  the  table  headed  by  that  coeffi- 
cient. Rim  the  eye  down  the  column  until  opposite  the  length  of  the  line 
chained.  The  result  is  the  discrepancy  in  feet  which  may  be  reasonably 
expected.  For  0.002,  0.005,  ^tc,  use  columns  0.02,  0.06,  etc.,  adding 
one  decimal  place. 
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(b)  lUuatrationa.  Two  measurements  made  with  a  steel  tape  under 
ordinary  conditions  are  651.2  and  651.15.  The  discrepancy  is  0.#6. 
Nearest  value  in  Table  II  for  600  ft.  for  given  conditions  is  0.048,  or  ratio 
is  Tiixuf,  which  is  considered  good.  In  very  accurate  work  this  would 
not  be  considered  as  even  passable. 


Table  III 

COMPARISON  OF  RESULTS  FROM  TABLE  I  WITH  THOSE 
FROM  TABLE  II 


Length 

300 

600 

Tables 

I                    II 

I                    II 

Excellent 

Chain,  plumb-bob,  cha 
0.05  -0.07         0.06 
0.09  -0.14         0.12 

in-pins,  average  speed 
0.07  -0.10          0.12 

Good 

0.12  -0.20          0.24 

Excellent 

Steel  tape,  plumb-bob, 
0.017-0.035       0.012 
0.036-0.07         0.024 
0.07  -0.09         0.06 

chain-pins,  aver.speed 
0.024-0.049       0.024 

Good 

0.049-0.10         0.048 

Fair 

0.10  -0.12         0.12 

Excellent 

Steel  tape,  spring-balan 

corresponding 

0.003-0.009       0.003 

0.009-0.017       0.006 

0.017-0.035       0.012 

ce,  thermometer,  and 
precautions 
0.005-0.012       0.006 

Good 

0.012-0.024       0.012 

Fair 

0.024-0.049       0.024 

Length 

1000 

5000 

Tables 

I                    II 

I                   II 

Excellent 

Chain,  plumb-bob,  cha 
0.09  -0.13         0.20 
0.16  -0.25         0.40 

in-pins,  average  speed 
0.21-0.28           1.0 

Good 

0.35-0.57            2.0 

Excellent 

Steel  tape,  plumb-bob, 
0.032-0.063       0.04 
0.063-0.13          0.08 
0.13  -0.16         0.20 

chain-pins,  aver,  speed 
0.07-0.14           0.2 

Good 

0.14-0.28           0.4 

Fair. 

0.28-0.35            1.0 

Excellent 

corresponding 
0.006-0.016       0.01 
0.016-0.032       0.02 
0.032-0.063       0.04 

ce,   thermometer,   and 
precautions 
0.014-O.035       0.05 

Good 

0.035-0.071        0.1 

Fair. 

0.07  -0.14         0.2 

75.  Comparison  of  Tables  II  and  III.  In  Table  III  discrepancies  for 
300,  600,  1000,  and  5000  feet  taken  from  Table  I  are  compared  with 
values  taken  from  Table  II.  It  is  seen  that  for  lengths  up  to,  say,  1000  ft. 
there  is  not  much  difference,  but  beyond  that  point  the  discrepancies 
from  Table  II  increase  much  more  rapidly  than  do  those  from  Table  I. 
This  is  of  course  to  be  expected,  since  in  Table  II  discrepancies  vary  as 
the  length  of  the  line,  while  in  Table  I  they  vary  as  the  square  root  of  the 
length.  For  example,  in  good  chaining  under  ordinary  conditions  the 
apparent  error  for  300  ft.  should  not  exceed  from  0.035  to  0.07  (Table  I) 
or  0.024  (Table  II):  for  600  ft.  the  values  are  closer,  0.049  to  0.1  (Table  I) 
and  0.048  (Table  II);  for  1000  ft.,  0.063  to  0.13  (Table  I)  and  0.08  (Table 
II).    For  5000  ft.,  or  a  little  less  than  a  mile,  the  value  from  Table  ll  hafi 
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mciieaBed  to  0.4  ft.,  which  is  0.12  ft.  greater  than  0.28,  the  maximum  value 
from  Table  I.  The  rougher  the  measurements  the  more  striking  is  the 
difference  between  the  two  tables  for  lengths  over  1000  ft.,  as  shown  by 
the  first,  second,  and  fifth  lines  in  the  above  table  for  length  5000. 

76.  Requirements  Corresponding  to  Different  Limits 
of  Precision,  (a)  In  ascertaining  the  requirements  for  any 
given  limit  of  precision  the  sources  of  error  summarized  in 
Art.  68,  p.  43,  must  be  considered.  It  is  necessary  to  know 
what  errors  may  be  neglected  and  to  what  extent  the  others 
must  be  eliminated  or  corrected.  This  is  the  only  way  in  which 
the  surveyor  can  be  reasonably  sure  that  the  discrepancy  or 
the  probable  error,  as  the  case  may  be,  really  indicates  the 
precision  of  his  work.  Some  of  the  questions  he  must  settle 
are,  how  accurately  to  read  the  tape,  to  mark  the  tape-lengths, 
to  keep  the  chain  horizontal;  to  what  extent  sag  must  be 
eliminated,  and  within  what  limits  the  temperature  must  be 
known.  In  a  general  way  the  answers  to  these  questions  are 
indicated  in  Tables  I  and  II.  As  a  further  aid,  the  following 
table  of  approximate  values  has  been  prepared.  The  table 
shows  what  amounts  per  100  ft.  correspond  to  different  limits 
of  precision  for  each  of  the  different  sources  of  error. 

Table  I . 


Ratio  of  precision 


Errors  per  100  ft.  from  different  sources  corre- 
sponding to  different  ratios  of  precision 


1 
6000 


1 
10000 


1 
20000 


1 
50000 


100000 


Error  in  100  ft. 


0.02 


0.01 


0.005 


0.002 


0.001 


1.  Error  in  length  of  the 

tapNB 

2.  Dif .  in  elevation   of 

ends  of  tape 

3.  CenUr  of  tape  out  of 

line 

4.  Change  in  femperoftcre 

5.  One  end  of  tape  out 

of  line 

6.  Sao  at  the  middle  of 

tape 

7.  Variation  in  the  vuU. 

8.  Error     in     marking 

tape-lengths 

9.  Error  in  reading  the 

tape 


ft.  or  in. 

0.02     i 

2.0     24 

1.0      12 
30^ 

2.0     24 

0.86  lOf 
30  lbs. 


ft.  or  in 

0.01        i 

1.4      161 

0.7       81 
15* 

1.4      161 

0.61      71 
15.  lbs 


ft.  or  in, 

0.005      it 

1.0        12 

0.5         6 
7.5* 


1.0 


12 


0.02 
0.02 


0.01 
0.01 


0.43        5i 
7.5  lbs. 

0.005      A 

0.005      A 


ft.  or  in. 

0.002     ^9 

0.63      7 A 

0.3         3| 
3'» 

0.63     7tV 

0.27        3i 
3  lbs. 

0.002   A 

0.002   ^ 


ft.  or  in. 

0.001     A 

0.44       51 

0.24        21 
1.5«> 

0.44       5i 

0.19       2i 
1.5  lbs. 

0.001   A 

0.001    ^ 
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(b)  The  ckief  use  for  Table  XV  is  to  indicate  the  precau- 
tions which  are  necessary  in  order  to  attain  certain  degrees 
of  precision.  Thus,  for  example,  it  is  seen  that  a  variation 
of  15°  in  temperature  will  cause  an  error  of  f  per  100  ft.  cor- 
responding to  Tjfhus,  and  a  sag  of  7J"  will  cause  the  same 
error.  If  one  end  of  a  lOOjft.  tape  is  12"  out  of  line,  it  will 
cause  an  error  of  0.005  ft.,  or  A"  (or  ^t^Jtht);  while  it  will  take 
a  variation  in  pull  of  7J  lbs.  to  cause  the  same  error.  An 
error  of  }"  in  the  length  of  the  tape,  in  marking  tape-lengths, 
or  in  reading  the  tape,  is  equivalent  to  Tihn-  An  idea  of  the 
extreme  precautions  necessary  for  a"precision  of  ^oo^ooo  is  gained 
from  the  last  column,  where  a  sag  of  2i"  will  in  itself  cause 
an  error  equal  to  this  limit.  A  variation  of  1}°  in  tempera- 
ture or  1}  lbs.  of  pull  will  cause  the  same  amount;  hence  the 
need  of  a  thermometer  and  spring-balance. 

(c)  Combining  errors.  It  is  comparatively  easy  to  estimate 
the  approximate  error  for  a  single  tape-length  which  may  be 
expected  from  each  source  of  error  under  given  conditions, 
but  it  is  not  a  simple  problem  to  combine  these  errors  in  order 
to  determine  the  total  error  which  may  be  expected  in  a  line 
a  number  of  tape-lengths  long.  Thus,  for  example,  a  sur- 
veyor may  know:  (1)  That  the  error  in  the  length  of  his  tape 
does  not  exceed,  say,  A";  (2)  That  the  maximum  error  in 
keeping  his  tape  horizontal  will  not  exceed  1.4  ft. ;  (3)  T^at 
the  center  of  his  tape  will  never  be  out  of  line  more  than  4"; 

(4)  That  the  variation  in  temperature  will  not  exceed   15°; 

(5)  That  one  end  of  the  tape  lined  in  by  eye  will  never  be 
more  than  12"  out  of  line;  (6)  That  sag  will  not  exceed  7"; 
(7)  That  the  variation  in  pull  will  not  exceed  3  lbs. ;  (8)  That 
the  error  in  marking  each  tape-length  will  not  exceed  A"  J  and 
(9)  That  the  tape  will  be  read  to  the  nearest  0.01  ft.  Frona 
the  table  the  errors  in  feet  per  100  ft.  are:  (1) =0.005,  (2)  «0.01, 
(3)  =0.002,  (4)=0.01,  (5)  =0.005,  (6) =0.01,  (7) =0.002, 
(8)=a005,  (9)  =0.01. 

Assuming  that  these  values  correspond  to  the  same  degree 
of  care  in  chaining  and  that  all  have  the  same  algebraic  sign, 
their  sum  (0.059)  is  the  maximum  possible  error  that  could 
occur  in  100  feet — a,  precision  of  about  yifVTr-  It  is  evident, 
however,  that  to  add  the  errors  from  all  nine  sources,  and 
then  multiply  the  result  by  the  number  of  tape-lengths  in  the 
length  of  a  Une,  will  not  give  the  total  ^ror  for  the  following 
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reasons:  (1)  CJonstant  errors  from  some  sources  may  be  plus, 
while  constant  errors  from  other  sources  may  be  minus,  and 
hence  even  constant  errors  may  tend  to  balance  each  other; 
(2)  While  that  part  of  the  total  error  due  to  constant  or  cumu- 
lative errors  varies  as  the  number  of  taps-lengths,  that  part 
due  to  accidental  or  compensating  errors  varies  as  the  square 
root  of  the  number  of  tape-lengths. 

The  term  error  as  used  above  means  the  true  or  unknowable 
error  as  distinguished  from  the  discrepancy  between  dupli- 
cate measurements.  As  already  pointed  out  the  discrepancy 
is  not  affected  by  constant  errors  (p.  11). 

The  problem  of  how  far  the  constant  error  from  each  source 
must  be  eliminated  in  order  that  the  discrepancy  between 
two  measurements  of  a  line  shall  indicate  the  true  error  within 
prescribed  limits  (assuming  no  mistakes  are  made)  is  seen 
to  be  a  complicated  one.  Even  could  proper  algebraic  signs 
be  given  to  constant  errors  from  different  sources,  it  would 
still  be  difficult  to  assign  values  which  would  represent  the 
same  care  in  the  corresponding  operations  of  chaining.  In 
practice,  time  and  expense  usually  limit  the  precautions  to 
be  taken  in  eliminating  constant  errors,  and  where  the  work 
is  important  enough  to  warrant  it  the  aim  is  to  eliminate 
or  correct  the  error  from  each  source  as  far  as  it  is  possible 
for  human  skill  to  do  it  under  the  prevailing  conditions.  In 
ordinary  work,  however,  the  practical  question  is  not  how  to 
attain  the  greatest  precision  but  how  to  attain  the  required  pre- 
cision, and  this  means  that  the  chainmen  should  know  what 
errors  to  slight  and  what  not  to  slight.  Chainmen  too  often 
waste  time  and  effort  in  eliminating  errors  which  are  relatively 
unimportant,  and  ignore  at  the  same  time  errors  which  are 
much  more  serious.  A  careful  study  of  this  chapter  and  es- 
pecially of  Art.  69,  p.  43,  and  of  Table  IV  should  help  to  correct 
such  a  tendency. 


CHAPTER  VI 
CHAINING.    SPECIAL  WORK 

In  this  chapter  methods  are  given  for  chaining  between  points  when 
they  are  not  visible  from  each  other,  for  referencing  points,  for  makine 
a  chain  survey,  for  measuring  bf^-lines,  and  for  doing  similar  work  which 
may  arise  in  practice,  but  which  is  not  a  part  of  the  routine  of  chaining. 

Purely  geometrical  and  trigonometrical  problems  in  chaining  are  treated 
in  the  next  chapter. 

77.  Obstacles  to  Chaining.  In  addition  to  the  two 
examples  here  given,  other  obstacle  problems  with  geometrical 
solutions  are  given  in  Chapter  VII. 

(a)  To  chain  over  a  high  wall  or  other  similar  obstacle.  Drive 
two  nails  through  a  board,  the  heads  projecting  on  one  side 
and  the  points  on  the  other.  Lay  the  board  across  the  wall 
with  the  points  of  the  nails  up,  and  bring  both  naib  in  line. 
Suspend  a  plumb-line  from  the  head  of  each  nail  and  thus 
establish  two  points  on  the  groimd,  one  each  side  of  the  wall, 
a  known  distance  apart  (i.e.,  distance  of  naib  apart).  A 
transit-pole  with  pliunb-lines  tied  to  it  can  be  used  in  place 
of  the  board  and  nails. 

(6)  To  chain  between  two  points  when  woods  or  underbrush 
intervene  so  that  neither  point  can  be  seen  from  the  other.    Start- 
ing at  one  of  the   points  A,  chain  along  a  straight  line  AC 
as  nearly  as  can  be  guessed  at  in  the 
direction  of  the  other  point  B.    Measure 
the  distance   CB  that  this  line  strikes 
to  one  side  or  the  other  of  B,    Assume 
FiQ,  77  (6).  any  distance  on  AC  as  AZ>,  and  from 

ADxCB 
similar  triangles  DE  =  — j^^ — .    Lay  off  DE,  thus  establishing 

the  point  E,  If  this  is  done  with  reasonable  care,  the  line  AE, 
when  produced,  should  pass  through  B,  or  near  enough,  at  least, 
to  show  where  a  line  should  be  cleared  for  the  final  chaining. 

78.  Referencing  a  Point,     (a)  To  fix  its  position  with  re- 
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spect  to  two  or  more  points,  so  that  if  it  is  lost  or  destroyed 
it  may  be  easily  restored.  There  are  three  ways  of  doing 
this  with  the  tape,  corresponding  to  three  of  the  methods  of 
locating  a  point  in  Art.  8,  p.  4:  (1)  By  two  distances;  (2)  By 
offset;  (3)  By  two  intersecting  lines. 

(b)  lUuBtrcUion, 


A 


\ 


'^ 


(1)  Let  A  in  Fig.  78  (6)  be  a  tack  in  a  stake.  Two 
distances  from  the  comers  of  a  building  near 
by  were  measured,  thus  referencing  A.  If  the 
stake  is  destroyed,  another  may  be  easily  reset, 
provided  the  intersection  of  the  two  reference-lines 
is  sfiarp  and  definite.  The  point  B,  for  exam- 
ple, cannot  be  referenced  accurately  from  the 
same  two  comers  becatise  it  is  too  nearly  in  a 
straight  line  between  them  for  the  intersection 
to  be  definite. 

(c)  Illustration.     (2)  In  Fig.  78  (c)  the  point 
C  was  referenced  by  meas- 
uring a  distance  along  a 
fence  from  a  fence-corner, 

and  then  another  distance  out  at  right  angles.     This 

method  is  more  difficult  and  less  accurate  in  field 

work  than  that  of  the  preceding  illustration. 

(d)  lUtutration.     (3)  A    third    method    of    refer- 
encing a  point  is  to  establish  two  other  points  in 

the  same  straight  line,  one  each  side  of  the  given 

point,  and  measure  the  distance  from  the  given  point 

to  each  of  these  reference-points.     Or,  better  still, 

establish   four   reference-pomts   so   that   the   given 


f 


Fig.  78  (6). 


^O 


Pi 


Distance 


Fence 
Fia.  78  (c). 
p.  4.) 


/ 


point  may  be  determined  without  measurement  by 
the  intersection  of  two  straight  lines.     (See  Fig.  8  (&), 

79.  To  Chain  between  Two  Points  when  Neither  can  be 
Seen  from  the  Other,     (a)  Illustration,    Let  A  and  D  be  two 

points  with  the  brow  of  a  hiU 
•"^^^     •  between  them.     One  chainman, 

B,  goes  as  far  back  as  he  can 
and  still  see  D.  The  other 
chainman,  C,  goes  as  far  down 
hill  as  he  can  and  still  see  A.  B 
and  C  are  both  out  of  line,  but 
they  proceed  to  line  each  other 
in  alternately.  B  lines  C  in 
with  D.  C  then  lines  B  in  with 
A,  B  again  lines  C  in  with  D, 
Pio.  79  (o).  and  Q  again  lines  B  in  with  A. 

Thus  the  process  is  carried  on  until  both  B  and  C  are  in  line. 

Poles  are  set  at  B  and  C,  and  these  enable  the  chainmen  to 

measure  in  a  straight  line  between  A  and  D.     The  method  of 

Art.  77  (6)  can  also  be  used. 

(Jb)  Practical  suggestions.    Poles  may  be  set  at  -4  and  D  to  begin  with. 
Ibe  ohainmen  themselves  can  hold  either  poles  or  plumb-lin§8.    Time 
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will  be  saved  if  when  one  chEtinman  is  lining  the  other  in  he  will  send  him 
a  little  farther  in  the  direction  in  which  he  is  moving  than  appears  neces- 
sary. Thus  in  Fig.  79  (a)  B  moves  C  to  C"  instead  of  to  C,  and  C"  then 
moves  B  to  B"  instead  of  to  B',  and  so  on. 

(c)  Remark.  When  a  valley  intervenes  between  two  points  a  similar 
method  can  be  employed  to  establish  points  on  line  in  the  valley.  In 
most  cases,  however,  smce  one  point  can  be  seen  from  the  other,  a  pole  is 
set  on  line  with  the  transit.  When  a  transit  is  not  at  hand  still  another 
method  is  as  follows:  One  chainman  holds  a  plumb-line  over  one  point 
and»  placing  his  eve  so  that  the  string  covers  a  rod  held  at  the  other  point 
(on  the  oppo^te  hill),  lines  in  a  second  rod  held  in  the  valley  tmtil  it  too 
is  covered  by  the  string. 

80.  To  Make  a  Chain  Survey.  It  is  sometimes  necessary 
to  make  a  complete  survey  using  the  tape  only.  In  many- 
cases  this  can  be  done  with  as  great 
accuracy  as  the  purpose  of  the 
survey  requires.  In  Fig.  80  is 
shown  the  survey  of  a  house  and 
lot,  in  which  no  angles  were  meas- 
ured. A  station  S  was  chosen 
from  which  all  four  comers  of  the 
lot  could  be  seen.  The  four  iddes 
of  the  lot  and  the  four  dotted  lines 
^^""g^  ^'  were  measured.     From  these  eight 

measurements  the  boundaries  of  the 
lot  were  plotted.  Had  it  not  been  for  the  house  it  would  have 
been  simpler  to  divide  the  quadrilateral  by  diagonals  into  two 
triangles  instead  of  four. 

(a)  Quealion.  Tlliat  is  the  best  method  of  locating  the  house  by  linear 
measurements  only?  ,<.,,, 

(6)  Quealion,  It  desired,  how  can  the  angle  at  each  of  the  four  fence- 
comers  be  found  from  the  eight  original  measurements? 

(c)  General  method  for  a  chain  survey.  Establish  a  system  of 
triangles  to  serve  as  reference-lines.  This  network  of  triangles 
should  be  as  simple  as  possible  and  planned  with  an  eye  to 
locating  details.  Measure  the  three  sides  of  each  triangle. 
Locate  details  with  respect  to  the  most  convenient  reference- 
lines  by  a'ny  of  the  methods  for  linear  measurement  given  in 
Chapter  XIII. 

(d)  Remark.  The  transit  is  used'  so  generally  that  students  are  apt 
to  think  that  a  survey  cannot  be  made  with  a  tape  alone.  For  short  lines 
and  small  areas,  however,  the  tape  will  often  answer  everv  purpose.  Even 
horizontal  angles  can  be  measured  with  it  (p.  63),  though  this  is  not  often 
necessary.  The  reference-lines  are  laid  out  in  triangles  to  save  measuring 
angles,  and  this  is  the  chief  difference  between  a  chain  survey  and  a  transit 
survey. 

81.  Locating  Houses,  Fences,  Streets,  Streams,  and 
Other  Details  with  the  Tape.     Not  only  in  chain  surveys, 
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but  in  transit  surveys  as  well,  the  chainmen  are  often  called 
upon  to  locate  details  of  the  survey  with  reference  to  transit 
lines  by  the  use  of  the  tape  alone.  The  methods  of  locating 
such  details  by  linear  measurements  only  are  fully  disoussed 
in  Chapter  XIII. 

82.  To  Measure  a  Base-line,  or  any  other  straight  line  with 
more  than  ordinary  accuracy.  There  are  several  devices  for 
measuring  base-lines  with  great  accuracy  (see  Chapter  XVI). 
The  following  method  in  which  a  steel  tape  is  used  should  give 
results  accurate  enough  for  most  purposes;  i.e.,  with  reason- 
able care  the  discrepancy  between  two  measurements  of  the 
same  line  should  not  exceed  twifVift*  The  tape  is  supported 
by  stakes,  the  pull  is  kept  at  standard  with  a  spring-balance, 
and  a  thermometer  gives  the  temperature  for  which  correction 
ii  made.  Thus  the  three  chief  sources  of  error  are  as  far  as 
possible  avoided.     The  work  may  be  outHned  as  follows: 

(1)  Drive  stakes  at  short  intervals  along  the  Hne  so  that 
when  a  tape  is  stretched  across  the  tops  it  will  be  horizontal. 
The  distances  between  the  stakes  should  be  such  that  the  end 
of  the  tape  wiU  come  on  a  stake  each  time  that  the  tape  ia 
stretched. 

(2)  Stretch  the  tape,  using  a  spring-balance  at  one  end  to 
keep  the  pull  at  8  lbs.  or  12  lbs.  or  whatever  the  standard 
for  the  tape  may  be,  mark  the  end  of  each  tape-length  with 
a  fine  scratch  on  top  of  the  stake,  and  from  a  thermometer 
reading  correct  the  total  measurement  for  temperature  (see 
Art.  62,  p.  40). 

(3)  Repeat  the  measurement  a  number  of  times  and  take 
for  the  final  result  the  arithmetical  mean  of  all  the  measure- 
ments, discarding,  of  course,  any  measurement  which  is  ob- 
viously incorrect. 

(1)  Practical  Buqg^ion9.  Use  lai^  stakes,  say  2"  X4"  for  intermediate 
Jakes  and  4"X4''  or  6"X6"  for  the  two  end  hubs.  All  stakes  must  be 
pnly  set.  They  may  be  lined  in  with  the  transit  and  the  tops  sawed 
off  to  a  level,  or  nails  may  be  driven  in  the  sides  of  the  stakes,  the  tape 
i^Mting  on  the  nails.  The  latter  method  is  not  recommended  for  work 
<«  great  precision.  A  sine  plate  upon  which  to  make  the  scratches  is 
sometimes  put  on  the  top  of  each  stake.  In  important  work  the  two 
end  stakes  or  hubs  should  be  made  more  or  less  permanent  and  the  ends 
«  the  base-line  carefully  referenced  (p.  54).  This  is  sometimes  done 
bysetting  the  hub  in  concrete  and  building  a  fence  around  it  to  keep  it 
from  being  disturbed  during  construction.  To  keep  the  tape  in  position 
«» the  lops  of  supporting  stakes  drive  two  small  nails  part  way  into  each 

/fe  ^1°**  there  will  be  one  on  each  side  of  the  tape  when  it  is  stretched. 

U)  When  It  18  impracticable  to  set  stakes  on  a  level  they  may  be  set 
2£ik  •  "^  tops  (or  supporting  nails)  on  a  known  slope,  and  the  measured 
■■•th  18  then  eorreeted  for  the  slope.     Occasionally  it  may  be  necessary 
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to  divide  a  base-line  into  several  sections,  each  section  at  a  different  level, 
the  plumb-line  being  used  as  in  ordinary  chaining  but  with  more  pre' 
cautions  to  insure  aocuracv. 

Remark.  The  author's  classes  have  sometimes  used  the  following  method 
for  measuring  a  base-line  through  thick  underbrush.  The  line  was  first 
cleared  by  cutting  the  brush  to  within  a  foot  or  so  of  the  ground.  Tripods, 
belonging  to  a  number  of  levels  and  transits,  were  set  in  line,  20  ft.  apart, 
with  their  tops  on  a  level.  These  acted  as  supports  for  the  tape,  keeping 
it  three  feet  or  so  above  the  ground.  As  fast  as  tripods  were  left  behind 
they  were  taken  up  and  set  on  hne  in  advance  of  the  tape.  If  care  is 
taken  to  prevent  any  movement  of  the  tripods  while  they  are  being  used, 
excellent  results  can  be  obtained. 

Such  a  large  number  of  tripods  will  seldom  be  available  in  practice, 
but  rough  tripods  can  be  easily  constructed  and  used  in  their  places.  For 
an  example  of  a  more  elaborate  apparatus  for  supporting  and  stretching 
the  tape,  used  for  very  precise  measurements,  see  Engineering  News,  Feb.  1, 
1894,  July  12,  1894,  Sept.  14,  1902;  also  Transactions  A.  S.  C.  E.,  Aug. 
1902,  and  Johnson's  Surveying,  p.  498. 

(3)  Ideal  conditions  for  base-Hne  measurements  are  (1)  level  ground, 
(2)  cloudy  weather,  and  (3)  the  same  temperature  as  that  for  which  the 
tape  is  standard.  Needless  to  say  all  three  of  these  conditions  seldom 
exist  in  practice.  It  is  difficult  to  ascertain  the  temperature  of  a  tape 
\yinig  in  the  ^un,  hence  a  cloudy  day  or  even  the  night-time  is  preferaole 
for  accurate  measurements. 

(4)  A  finely  divided  scale  may  be  used  to  measure  the  decimal  of  a  foot 
in  the  end  measurement. 

(5)  Rough  devices  with  tumbuckles  for  keeping  the  tape  steady  and  at 
a  given  pull  are  easily  constructed  and  add  greatly  to  the  accuracy  of 
measurements.  These  devices  are  usuaUy  frameworks  which  can  be 
quickly  moved  and  set  up  to  hold  the  tape,  thus  taking  the  place  of  the 
chainmen.  In  the  absence  of  such  a  device  each  chainman  can  brace 
his  hands  by  a  stake  held  obliquely  with  one  end  on  the  ground  to  resist 
the  pull.     Whatever  happens  the  supporting  stakes  should  not  be  disturbed. 

(6)  In  chaining  a  base-Une  it  is  desirable  to  chain  in  opposite  directions 
and  to  proceed  in  such  a  manner  that  in  marking  where  the  end  of  the 
tape  comes  one  is  not  influenced  by  scratches  made  in  previous  measure- 
ments. ^  « 

Illustration.  The  supporting  stakes  for  a  base-line  AB  are  20  ft.  apart. 
The  base-line  is*420  ft.  ±  long.  A  100-ft.  steel  tape  is  used.  Five  different 
measurements  of  the  hne  can  be  made  without  having  two  scratches  on 
the  same  stake. 
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(1)  Starting  at  A  the  scratches  fall  on  stakes  marked  1;  (2)  starting  at 
B  they  fall  on  stakes  marked  2;  (3)  starting  at  A  with  a  measurement 
of  80  ft.,  the  intermediate  measurements  being  100  ft.,  scratches  fall  on 
stakes  marked  3:  (4)  starting  from  B  with  a  first  measurement  of  80  ft. 
they  fall  on  stakes  marked  4;  (6)  finally,  starting  from  A  with  60  ft. 
(intermediate  measurements  100  ft.)  scratches  fall  on  stakes  marked  5. 

83.  To  Find  the  Probable  Error.  Suppose  that  in  the  pre- 
ceding illustration  when  the  corrections  for  temperature  have 
been  made,  and  all  other  constant  errors  have  been  eliminated 
as  far  as  possible,  the  five  measurements  are  those  given  in  the 
first  column  on  the  next  page.  It  is  required  to  find  the  proba- 
ble error  of  a  single  measurement  and  the  coefficient  of  precision 
for  chaining  (see  p.  46).  This  is  done  by  the  method  of  least 
squares,  using  the  formulas  on  p.  17.  It  will  be  noticed  that  the 
algebraip  sun?  of  the  residuals  is  not  zero  as  it  should  be.  This 
is  because  tne  vame?  of  v  were  taken  only  to  the  nearest  unit 
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in  the  third  decimal  place,  which  is  sufficient  for  all  practical 
purposes.     The  work  is  given  in  detail  below. 


Meaaurement. 

V 

v2 

419.862 

0.002 

0.000004  Eq 

=0.6745i/ 

419.863 

0.003 

0.000009 

419.857 

0.003 

0.000009 

— 0  6745 X 

419.861 

0.001 

0.000001 

419.858 

0.002 

0.000004 

=0.00078 

5)4.301 

=0.000027 

419.8602= 

=mean 

f    n(n  — 


1) 


000027 


The  probable  error  of  the  mean  is  0.00078  or  about 


540000 


The  probable  error  of  a  single  observation  is  .g= 0.67454/  , 

r    n  —  1 

or  in  this  case  0.6745i/5:5222?I =0.00175  or  about- L_. 

y         4  240000 

To  determine  coefficient  of  precision.  The  probable  error  of  the 
total  observed  length  J?«=  rVN  (see  p.  45)  or  0.00175«rVjV 
«tV4+  or  r =0.0008+.  Hence  the  probable  error  of  a  line 
say  900  ft.  measured  under  exactly  the  same  conditions  may 
be  expected  to  be  about  O.OOOSV^^  0.0024  ft. 


CHAPTER  Vn 


CHAINING— PROBLEMS 

There  are  certain  problems  which  occasionally  arise  in  chaining;  but 
which  are  of  too  infrequent  occurrence  to  be  called  a  part  of  the  routine 
field  work.  These  problems  have  been  grouped  for  reference  in  this 
chapter.  Since  many  of  them  are  simply  geometrical  constructions,  it 
will  be  helpful  to  remember  that  in  working  them  out  in  the  held  the 
tape  or  chain  is  used  very  much  as  the  scale  and  compasses  are  used  in 
similar  constructions  in  the  drafting-room.  Indeed  many  of  the  problems 
can  be  worked  out  just  as  well  in  the  classroom,  but  each  student  shouM 
do  enough  of  them  In  the  field  to  gain  confidence  in  the  different  methodSo 
and  in  his  abihty  to  carry  them  out. 


84.  To  Construct  a  Right  Angle  with  a  Tape  by  the  3-4-5 
Method.  If  the  lengths  of  the  sides  of  a  triangle  are  in  the 
ratios  of  3:4:5,  one  angle  of  the  triangle  must  be  90**.  Hence 
to  construct  a  right  angle,  form  a  triangle  with  the  tape,  using, 
for  example,  any  one  of  the  following  combinations: 
[3.4.5]^  [^-8-10],  [9-12-15],  [12-16-20],  [15-20-25],  [18-24-30], 
[21-28-35],  and  so  on. 

(a)  lUuairaiion.    In  Fig.  84  (a)  one  chainman  holds  the  0  and  the  48-ft. 

^  mark  of  a  50-ft.   cloth  tape  together,  a  second   man 

holds  the  tape  at  the  36-ft.  mark,  while  a  third  holds 
it  at  the  20-ft.  mark.  When  stretched  the  tape  will 
form  a  right-angled  triangle.     (Why?) 


There  are  two  objections  to  the  above  method: 
(1)  three  chainmen  are  required,  and  (2)  if  a 
steel  tape  is  used  it  cannot  be  bent  sharply 
enough  to   form   the  vertices  of   the  triangle. 

Another  method  of  forming  the  triangle  often  used  is  shown  m 

the  following  illustration: 


Fig.  84  (a). 


10  Loop_^Q 


(6)  Illustration.  In  Fig.  84  (b)  it  is  desired  to  construct  a  right  angle 
at  a  point  c  in  the  line  ab,  one  side  of  which  shall 
coincide  with  ac.  Establish  a  point  e  30  ft. 
from  c.  The  0  end  of  a  100-ft.  tape  is  held  at  e, 
the  100-ft.  end  at  c,  and  the  50-ft.  and  60-ft.  marks 
are  brought  together,  the  portion  of  the  tape  not 
used  forming  a  loop.  The  tape  stretched  tight 
forms  a  right-angled  triangle  with  sides  30,  40, 
and  50  ft.  long.  By  fastening  the  ends  of  the  tape 
at  e  and  c  one  man  can  do  all  the  work. 

Question.  If  a  50-ft.  tape  is  used  and  the 
25-ft.  and  30-ft.  marks  are  brought  together, 
what  should  be  the  distance  from  c  to  e  ? 
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85.  Perpendiculars  and  Parallels.  The  methods  of 
establishing  perpendiculars  and  parallels  with  the  tape  are 
based  upon  familiar  geometrical  constructions.  It  is  to  be 
remembered,  however,  that  straight  lines  and  arcs  of  circles 
cannot  be  drawn  upon  the  ground  with  the  same  ease  that 
they  can  be  drawn  on  paper;  the  ground  is  often  so  rough 
or  sloping  that  they  cannot  be  drawn  at  all.  In  many  cases, 
therefore,  chainmen  must  exercise  ingenuity  in  applying  geo- 
metrical principles.  The  difference  between  methods  of  the 
drafting-room  and  methods  of  field  work  in  making  the  same 
geometrical  construction  is  brought  out  in  the  following  illus- 
trations. It  is  important  not  only  to  know  geometrical  construe" 
tions,  but  also  to  know  how  the  tape  should  be  used  in  making 
them. 

(a)  To  erect  a  perpendicular  at  any  point  in  a  line.  The 
3-4-5  method  of  the  previous  article  may  be  used.  Two 
other  methods  are  indicated  in  Figs.  85  (6)  and  85  (c). 


(6)  lUvMration^     Oeofneirical  conUruction,     Reqtiired  to  erect  a  perpen^ 
dicular  at  b  to  the  line  ab.     From  any  point  c 
describe  an  arc  of  a  circle  of  radius  cb,  intersect- 
iDgab  at  e.     Find  d  in  line  with  ec. 

Field  vxyrk.  The  field  work  with  a  100-ft. 
tape  could  be  done  as  follows:  Establish  c  50  ft. 
frwn  b  by  holding  0  at  b.  Keeping  the  60-ft. 
mark  at  c,  find  e  by  swinging  the  0  end  of  the  tape 
and  with  0  at  e,  50-ft.  mark  still  at  c,  stretch 
the  tape  until  the  lOO^ft.  mark  determines  d. 

ifi)  lUuUration.  The  difference  between  using 
the  compasses  and  the  tape  is  illustrated  in  Fig. 
86  (c).     With  the  compasses  everything  is  done 
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with  intersecting  arcs  as  indicated  in  the  figure. 
■     ■  '  "         '  "  Wit 


^zz::^b 

FiQ.  85  (6). 


With  the  tape  a  better  way  is  as  follows:  With 

the  25-ft.  mark  at  6,  establish  c  opposite  the  0  mark  and  d  opposite  the 
50-ft.  mark.  Keeping  0  at  c,  hold  the  100-ft.  mark  at  d  and  stretch  the 
tape,  establishing  e  at  the  middle  of  the  tape  (50-ft.  mark).     Or  if  it  is 


«' 


'fio.  85  <e). 


^rr 


a  steel  tape,  bring  the  45-ft.  mark  and  55-ft.  mark  together  to  avoid  bend- 
ing, thus  establishing  a  point  on  the  perpendicular  45  ft.  from  both  c  and 
d.  If  a  check  is  desirea,  find  another  point  on  the  opposite  side  of  the 
line  in  exactly  the  same  ihanner,  or  if  this  be  impossible,  another  point  on 
the  same  si(^,  using  different  ciistances. 

(d)  Remark.  In  each  of  the  above  illustrations  notice  that  one  point  of 
the  tape  was  fixed  during  the  entire  work  in  order  to  save  unnecessary 
settings  of  the  tape.  In  the  geometrical  constructions  which  follow  it  is 
Bol  enough  simply  to  recognize  the  method,  but  consider  carefully  how 
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each  one  could  be  carried  out  in  the  field,  setting  and  stretching  the  tape 
the  smallest  number  of  times. 

To  let  fall  a  perpendicylar  to  a  given  line  from  any  given  point. 
(e)  In  Fig.  85  (e)  from  the  given  point  P  swing  an  arc  inter- 
secting the  given  Kne  in  two  points.     The  required  parpen- 
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Fig.  85  (/). 


Fia.  85  (g). 


Fig.  85  (e). 

dicular  through  P  passes  half-way  between  the  two    points 

of  intersection. 

Qtiestion.  If  an  arc  could  not  be  drawn  on  the  ground,  how  would  the 
tape  be  used? 

(J)  In  Fig.  85  (/)  the  construction  is  that  of  Fig.  85  (6)  worked 
backward.  Choose  any  convenient  point  on  the  line  as  K, 
find  the  point  c  half-way  between  P  and  K,  and  with  c  as  a 
center  and  cK  as  a  radius  cut  the  given  hne  at  n,  the  foot  of 
the  required  perpendicular. 

(g)  In  Fig.  85  (g)  a  perpendicular  is  first  erected  at  any  con- 
venient point  as  a,  and  a  line  through  P  constructed  parallel 
to  it.  See  Arts.  85  (h),  85  (t),  and  85  (j).  Or  any  two  points 
as  d  and  b  may  be  assumed  in  line  with  P,  and  c,  the  foot 
of  the  required  perpendicular,  found  from  similar  triangles 
daXdP 


dc 


db 


A  second  method.  With  any  point  on  the  given  line  as  d 
swing  an  arc  through  P  intersecting  the  given  line  at  e.    To  find 

Pi' 

c,  since  dP=de,  then  ce=--r'. 

'  2de 

Question.  How  could  the  methods  of  Fig.  85  (g)  be  best  carried  out 
with  a  tape? 

Qtiestion.  What  methods  of  erecting  or  letting  fall  a  perpendicular  are 
best  adapted  when  the  perpendicular  is  near  or  at  the  end  of  a  line  and  the 
line  itself  cannot  be  produced? 

To  run  a  line  through  a  given  point  parallel  to  a  given  line, 

(h)  In   Fig.  85  (h)  a  perpendicular  Pp  is  let  fall  from  the 

given  point  to  the  given  line,  and  at  some  other  point  in  the 

line  as  r  another  perpendicular  rs  of  equal  length  is  erected. 

(i)  In  Fig.  85  (i)  choose  any  convenient  point  on  the  given 
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Kne  as  c  and  find  a  half-way  between  P  and  c.     Assume  a 
point  e  and  make  ah  equal  ea. 


pL 


/ 

Fig.  85  {h).  Fio.  85  (i).  Fig.  85  (;). 

(/)  In  Fig.  85  0)  assiune  any  convenient  line  as  mn  through 

P,  and  make  mo  equal  to  mn.     Find  x  when  mx=mP. 

Remark.  Other  methods  will  suggest  themselves  to  the  student.  The 
method  of  Fig.  85  (t)  is  quick  andacciu>ate  and  easily  checked  by  the 
method  of  Fig.  85  Ch),  A  check  on  the  method  of  Fig.  85  (A)  is  the  equal- 
ity of  the  diagonals. 

86.  Laying  off  or  Measuring  Angles. — ^Angles  may  be 
laid  off  by  means  of  a  steel  tape  with  considerable  accuracy, 
the  error  often  not  exceeding  5'.  The  trigonometrical  methods 
of  the  chapter  on  Plotting  Angles,  Part  II,  are  used.  Since  meas- 
urements are  in  feet  instead  of  in  inches  and  since  the  tape  is 
used  instead  of  drawing-instnunents,  the  operations  in  the  field 
are  somewhat  different  from  those  in  the  drawing-room,  as,  for 
example,  when  erecting  perpendiculars,  but  the  trigonometrical 
methods  are  of  course  the  same. 

(a)  Tangent  method,  (See  p.  458.)  The  base  by  which  the 
tangent  of  the  angle  is  to  be  multiphed  may  be  any  convenient 
number  of  feet,  say  50'  or  KX/,  Perpendiculars  are  erected 
by  one  of  the  methods  of  Art.  85. 

(&)  Chord  method.  (See  p.  459.)  The  unit  radius  may  be  any 
convenient  number  of  feet,  say  50'  or  100'.  As  circles  can- 
not often  be  drawn  on  the  ground,  many  of  the  practical  sug- 
gestions for  using  the  compasses  do  not  hold  good  for  the 
tape.  Use  the  tape  in  a  manner  similar  to  that  shown  in 
Fig.  86  (6),  one  portion  of  the  tape  stretched  to  form  the  chord 
of  known  length,  the  other  portion  form- 
ing the  required  side  of  the  angle. 

Illustration.  To  lay  oflf  an  angle  of  47**  8' 
clockwise  from  AB,  using  100-ft.  tape.  Chord 
for  unit  radius  is  0.7996.  For  50  ft.  it  is  39.98 
ft.  Find  c  SC  from  A  on  AB.  Holding  0  mark 
tt  e  and  100  mark  at  A.  bring  50-ft.  mark  and 
30.96  together.  This  will  give  e,  a  point  on  the 
KBQuured  side. 

Bemark.     The   chord  method  is  usually  the  i^__    o/s  /;,\ 

most  satisfactory  one  to  use  in  the  field.  *'*'•  *°  ^*'^* 

(c)  Sine-coHne  method.    For  any  unit  radius  the  sine  and 
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ooaine  distances  can  be  found  and  used  in  the  sfm>  way  that 
B     the  two  distances  were  used  in  the  preceding 
example. 


Tape  Loop 
FiQ,  86  (c). 


lUuatration.  To  lay  ofif  an  angle  of  47"  8',  Sine 
=  0.7329,  cosine  =  0.6803.  Find  c  50'  from  A  as 
before,  sin  X  50 -36.645,  cos  X  50  =  34.01 5.  When 
the  tape  is  stretched  as  shown  in  the  figure  it  will 
form  a  right  angle  at  e,  a  point  on  the  required  side. 

(d)  Measuring  angles.  Angles  between 
two  given  lines  may  be  measured  with  the 
tape  by  reversing  the  methods  outlined  in 
this  article. 

87.  Obstacles  to  Chaining  which  prevent  ohainmen  from 
measuring  directly  between  two  points  give  rise  to  a  set  of 
problems  in  which  distances  are  found  by  indirect  measure- 
ments. In  this  article  these  problems  are  all  solved  by  geo- 
metrical methods.* 

Obstacles  to  chaining  are  of  two  kinds:  (1)  obstacles  to  measure- 
ment and  (2)  obstacles  to  alignment.  For  any  problem  likely 
to  occur  in  practice  there  are  usually  several  geometrical  solu- 
tions;   it  will  suffice  to  give  two  for  each  problem. t 

(a)  To  measure  between  two  points  when  both  are  a^^cess^'ble^ 

Building  M 


Fig.  87  (o) 


First  method.  Assume  C,  make  CW  =  BC  and  CA'=ACt 
then  A' B'^AB. 

Second  method.  Establish  F  at  any  point  equal  distances 
from  D  and  E.  Make  FH=FG  any  convenient  distance. 
Then  DE  =iHGxDF)'r-  HF.  (See  Fig.  87  (6),  p.  65,  for  a  third 
method.) 

(6)  To  measure  between  two  points  when  one  is  inaccessible. 


*  Many  of  the  same  problems  can  be  more  easily  solved  by  trigonomet-' 
rical  methods,  provided  a  transit  is  used.     (See  Chapter  XVlII.) 

t  The  student  with  a  good  knowledge  of  geometry  should  be  aWe  to  de- 
vise other  methods.  For  a  very  complete  collection  of  obstacle  problems 
and  soluiioiu  see  GaUespie^s  Surveying,  Vol.  I,  pages  76^99. 
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First  method.  Lay  off  AC  any  convenient  length  perpen- 
dicular to  the  required  distance  AB,  and  lay  off  DC  perpen- 
dicular to  BC.    Then  AB==AC^-i'AD, 

Second  method.  Assume  /  anywhere  in  line  with  the  required 
distance  FG.  Assume  H  anywhere.  Make  HJ=HI  and  HK 
^HG,  Estabhsh  L  in  the  line  FH  and  at  the  same  time  in 
the  line  JK  produced.     Then  KL  =  FG, 

(c)  Other  methods.  Assuming  that  the  point  B  in  Fig.  87  (6) 
is  not  a  fixed  point  but  any  point  in  line  on  the  opposite  bank 


Fig.  87  (6). 
of  tiie  river,  how  could  an  equilateral  triangle  be  constructed 
and  used  for  finding  the  distance  AB'i      How  could  a  right 
triangle  with  a  60°  angle  at  C  be  used  for  finding  the  same 
distance? 

(d)  To  measure  to  an  inaccessible  point  high  above  ground,  i.e., 
to  measure  the  height  of  an  object.  Set  a  transit-pole  in  the 
ground  some  distanc  from  the  object  and  with  the  eye  some 
feet  away  from  the  pole  sight  across  the  top  of  the  pole  to  the 
inaccessible  point.  This  hne  of  sight  is  the  hypothenuse  of  two 
similar  triangles;  the  unknown  height  is  the  vertical  side  of 
one  triangle,  and  the  transit-pole  the  vertical  side  of  the  other. 
The  two  bases  of  the  triangles  can  be  measured  and  the  pro- 
portion formed.  This  method  will  of  course  give  only  approxi- 
loate  results. 

(e)  To  measure  between  two  points  when  both  are  inaccessible. 
First  method.     AB,  Fig.  87  (e),  is  the  required  distance,  A  and 

B  being  both  inaccessible.  Assume  any  line  CC  and  find  its 
middle  point  D,  Assume  E  in  AC,  and  F  in  BC.  Make  DE'  = 
1>E,  and  DF'^DF,  Find  A'  at  the  intersection  of  AD  and 
£'C',  and  find  B'  at  the  intersection  of  BD  and  F'C.  Then 
i'Bf^AB.    (Why?) 
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Second  method,    GH,  Fig.  87  (e),  is  the  required  distance.    As- 
sume /  anywhere.    Find  the  distances  GI  and  HI  by  either 
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Fig.  87  (e). 

method  of  Fig.  87  (6).    Assume  J  anywhere  in  GI,    Lay  off 
IK=(HIXJI)-^GL    Measure  JX.    Then  GH=(JKxGI)^JI. 
(J)  To  prolong  a  straight  line  through  an  obstacle. 
First  method.     Let  AB  be  the  hne  to  be  prolonged  in  Fig.  87  (/). 


Fio.  87  (/). 


Construct  an  equilateral  triangle  ACD  by  constructing  a  smaller 
equilateral  triangle  at  each  apex  A,  C,  and  D,  This  is  another 
method  also  of  measuring  between  two  points. 

Second  method.  EF  in  Fig.  87  (/)  is  to  be  prolonged.  Assiune 
G,  Make  GF'^FG,  GE'=EG,  GF"=GF',  E''F"=E'F', 
GF'''=GF''y  and  GE'"=GE",  (This  method  is  a  double 
application  of  that  shown  in  Fig.  87  (a).)  If  more  convenient^ 
instead  of  finding  F^'  assume  E"  anywhere  in  line  with  F'E', 
find  H  at  intersection  of  E"F  and  EG,  make  GH'^HG^  and 
find  W"  at  intersection  of  E''G  and  F'fl'.  A  second  point 
could  be  determined  in  a  similar  manner. 


CHAPTER  Vm 
READING  ANGLES 

This  chapter  is  divided  into  two  partf<  to  correspond  to  two  distinct 
steps  in  r^ndine  an  angle:  (1)  reading  the  limb,  and  (2)  reading  the  ver- 
nier.  In  the  nrst  part  are  shown  several  different  graduations  of  the 
Kmb,  and  in  the  second  part  several  forms  of  verniers.  To  study  all  these 
graduations  at  the  outset  is  likely  to  lead  to  confusion.  Begin  with  the 
simplest  forms,  as.  for  example,  a  limb  graduated  continuously  (page  70), 
and  a  vernier  reading  to  minutes  (page  78). 

Observe  the  common  mistakes  as  illustrated  by  the  incorrect  readings 
in  the  book,  and  then  practice  with  a  transit  graduated  to  correspond. 
When  this  much  is  thoroughly  understood  it  is  an  easy  matter  to  proceed 
with  a  transit  more  finely  graduated. 


88.  The  Two  Horizontal  Plates.  One  of  the  horizontal 
plates  carries  the  graduated  circle,  the  other  plate  carries  the 
Temier.  The  uprights  (or  standards)  which  support  the  tele- 
scope are  attached  to  the  vernier  plate,  and  the  zero  of  the 
vernier  serves  as  an  indicator.  Hence  the  telescope  cannot 
he  revolved  right  or  left  without  taking  the  indicator  with  it, 
and  the  horizontal  angle  through  which  it  is  turned  is  meas- 
\ued  by  the  arc  on  the  graduated  limb  passed  over  by  the  indi- 
cator. If  the  indicator  is  opposite  the  zero  of  the  limb  when 
the  telescope  points  to  the  backsight,  and  stops  exactly  oppo- 
site a  graduation-mark  when  the  telescope  is  turned  to  the 
foresight,  the  angle  is  read  without  the  use  of  the  vernier;  when, 
as  is  more  often  the  case,  the  indicator  stops  between  gradua- 
tion-marks the  vernier  reading  tells  how  far  it  has  passed  beyond 
the  last  mark. 

89.  Limb  Graduations.  The  limb  of  the  transit  is  always 
divided  into  360®,  and  every  tenth  degree  is  usually  numbered, 
but  there  are  several  systems  of  numbering  and  several  methods 
of  subdividing  each  degree. 

(a)  Common  systems  of  numbering  limb  graduations.  (1)  Full 
circle,  0^  to  360**  (see  p.  70);   (2)  Half-drcle,  0®  to  ISO**,  then 
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backward  to  0°  (p.  72);  ^(3)  Quadrant^  two  zeroes  180°  apart, 
with  numbers  running  up  to  90°  both  ways  from  each  zero 
(p.  74). 

(6)  Common  methods  of  subdividing  each  degree.  (1)  Into  two 
parts,  or  JO';  (2)  into  three  parts,  or  20';  (3)  into  four  parts, 
or  15';    (4)  into  six  parts,  or  10'. 

(c)  Remark.  On  most  transits  there  are  two  rows  of  numbers,  the  outer 
*-ow  often  corresponding  to  one  system,  the  inner  row  to  another.  Each 
system  has  its  advantages  and  is  adapted  to  some  particular  kind  of  work. 

On  an  ordinary  transit  each  degree  is  divided  into  two  or,  at  the  most, 
three  parts ;  it  is  only  on  instruments  intended  for  more  precise  work  that 
the  limb  is  divided  to  15'  or  10'. 

90.  General  Method  of  Reading  Angles.  There  are  three 
distinct  steps:  (1)  Reading  the  limb;  (2)  Reading  the  vernier; 
(3)  Adding  the  two  readings. 

Remarh.  The  majority  of  mistakes  made  in  reading  angles  are  made 
in  reading  the  limb,  and  not  in  reading  the  vernier.  Moreover,  a  mistake 
in  reading  the  limb  usually  amounts  to  at  least  20'  or  30'  and  often  to 
several  degrees,  while  a  mistake  in  reading  the  vernier  is  seldom  over  a 
minute  or  two.  Hence  the  working  rule  '  *Make  sure  of  the  limb  reading 
before  looking  at  the  vernier."  In  learning  to  read  an^es  the  same  rule 
holds  good. 

91.  Reading  the  Limb,  (a)  No  matter  in  which  direction 
the  plate  carrying  the  indicator  revolves  there  are  always  two 
readings  for  an  angle:  one  is  the  value  of  the  angle  measured 
clockwise  from  the  backsight,  and  the  other  is  the  value  measured 
counter-clockwise  from  the  same  backsight.  Each  value  is  the 
explement  of  the  other,  i.e.,  their  sum  is  360°.    See  p.  94. 

If  angles  were  always  measured  to  the  right  (clockwise),  the 
numbers  of  the  graduations  on  the  limb  would  always  increase 
clockwise,  and  a  common  source  of  mistakes  would  be  removed. 
In  some  kinds  of  work,  however,  as  in  deflection  angles,  p.  117, 
readings  are  taken  right  and  left  and  this  calls  for  numbers 
which  increase  counter-clockwise  as  well  as  clockwise.  These 
two  rows  of  numbers  must  not  be  used  indiscriminately — a 
constant  source  of  mistakes  with  beginners. 

(b)  Limb  readings  for  angles  to  the  right.  Consider  the  in- 
dicator to  have  moved  clockwise.  (It  is  immaterial  whether  it 
did  or  not.)  Observe  which  row  of  graduations  increases  cloch^ 
wise,  note  the  last  number  on  that  row  passed  by  the  indicator, 
and  from  this  number  determine  the  value  of  the  graduation^ 
mark  opposite  the  indicator  or  just  behind  it.     (See  p.  70.) 

(c)  lAmb  readings  for  angles  to  the  left.  Proceed  in  a  similar 
manner,  but  consider  the  indicator  to  have  moved  counter- 
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clcckwise,  and  use  the  row  in  which  the  numbers  increase  coun- 
ter-clockwise.    (See  p.  70.) 

(d)  Remark.  For  angles  clockwise  numbers  increase  clockwise,  and  for 
anf^es  counter-clockwise  numbers  increase  counter-clockwise.  If  one  could 
stand  inside  the  graduated  circle,  numbers  for  angles  to  the  right  would 
increase  towards  his  right  hand,  and  for  angles  to  the  left  they  would  in- 
crease towards  his  left.  Since,  however,  the  observer  stands  ovAside  of  the 
circle,  the  numbers  for  angles  to  the  right  increase  towards  his  left  hand, 
and  vice  versa.  This  leads  to  confusion  which  would  be  avoided  if  the 
terms  clockwise  and  counter-clockwise  were  always  used  in  place  of  right 
And  left  respectively. 

92.  Common  Mistakes  in  Reading  the  Limb.  (1)  Reading 
the  ninnber  ahead  of  the  indicator  instead  of  behind  it.  (2) 
Reading  the  inner  circle  of  numbers  instead  of  the  outer  circle, 
or  vice  versa.  (3)  Reading  even  degrees  instead  of  degrees 
and  fractions  of  a  degree,  as,  for  example,  43°  0'  instead  of 
43*»  SO',  or  W  0'  instead  of  W  20'. 

93.  Method  of  Reading  the  Limb  Illustrated.  On  the  sue- 
eeeding  phages  are  shown  three  different  systems  of  number- 
ing the  graduations  on  the  limb.  The  full  circle  as  shown  is 
about  half  the  true  size.  Below  the  circle  is  a  portion  of  the 
Bmb  greatly  enlarged.  The  vernier  is  pui^sely  omitted,  but 
the  indicators  represent  four  different  positions  of  the  zero  of 
the  vernier.  The  readings  noted  helow  the  arc  are  for  angles 
taken  to  the  right  as  indicated  by  the  arrow,  while  those  above 
the  arc  are  for  angles  to  the  left.  The  first  two  comttion  mis- 
takes noted  in  the  preceding  article  are  illustrated  by  the  in- 
correct readings  in  parenthesis.  The  third  mistake  will  be 
illustrated  in  the  explanation  of  vernier  readings  (pp.  76^2), 
since  it  is  most  often  made  when  adding  the  limb  reading  and 
the  vernier  reading  together. 

Suogeaiions  In  studsdng  the  illnstratioiM  keep  in  mind  the  fact  that  the 
Umb  <M  a  transit  remains  stationary  during  the  interval  between  the  back- 
dfl^t  and  foresight  while  the  indicator  moves  over  an  arc  equal  to  the  angle^ 
measured.  Understand  clearly  the  difference  between  measuring  an  angle' 
to  the  right  (clockwise)  and  to  the  left  (counter-clockwise).  The  following 
method  of  studying  the  illustrations  is  suggested : 

(1)  Choose  one  of  the  four  indicators,  assume  the  angle  to  have  been 
measured  clockwise,  and  cover  with  a  card  the  readings  below  the  arc. 

(2)  Notice  which  circle  of  nimibers  is  increasing  clockwise,  find  the  num- 
ber just  behind  the  indicator,  count  up  the  intervening  spaces,  and  read 
the  andle. 

(3)  Kemove  the  card  an<$  see  ^if  the  reading  agrees  with  that  given  on 
the  funire.  Observe  also  the  mistaken  reading  in  parentTiesis,  and  con- 
sider from  what  cause  the  mistake  might  be  made. 

(4)  Repeat  the  three  steps  given  above  for  each  of  the  other  three  indi- 
cators; also,  for  all  four  indicators  assuming  that  angles  were  measured 
eoonter-clockwise. 
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94.  Full-circle  System  from  0°  to  360°  in  Both  Directions. 

(a)  This  is  one  of  the  best  systems  of  numbers  for  all-around 
work.  Angles  may  be  measured  in  either  direction,  to  the  right 
or  to  the  left,  without  confusion,  provided  simple  precautions 
are  taken.  Thus  for  angles  to  the  right  always  read  the  outside 
row  if  that  is  the  row  in  which  numbers  increase  clockvnse, 
while  for  angles  to  the  left  read  the  inside  row.  When,  as  is 
often  the  case,  all  angles  are  taken  to  the  right,  ignore  the  inside 
row:  make  it  a  point  not  to  use  it  at  all.  In  some  makes  of 
instruments  the  numbers  slant  in  the  direction  in  which  they 
should  be  read.     (See  full  circle,  opposite  page.) 

(6)  The  portion  of  the  limb  shown  enlarged  is  where  the  two 
circles  have  the  number  180°  in  conmion,  and  this  is  where 
the  mistake  of  reading  the  wrong  circle  of  numbers  is  most 
likely  to  occur.  Where  the  numbers  are  widely  different  it  is 
usually  sheer  carelessness  to  read  one  for  the  other.  If,  for 
example,  an  angle  of  100°  is  taken  to  the  right,  the  indicator 
will  stop  opposite  100°  and  260°,  but  an  alert  transitman  would 
see  that  the  angle  could  not  be  over  180°  (the  backsight  pro- 
duced), and  hence  would  not  read  260°  in  place  of  100°.  This 
illustrates,  incidentally,  the  value  of  habUtiaUy  checking  readings 
by  estimating  angles  with  the  eye, 

(c)  When  the  indicator  stops  just  before  it  reaches  a  number 
it  is  a  natural  mistake  to  read  as  if  it  had  gone  by  the  number. 
This  mistake  is  illustrated  by  the  two  incorrect  readings  of 
171°  30'  and  195°  30'  for  angles  to  the  right,  and  by  all  of  the 
incorrect  readings  to  the  left  except  171°  30'  in  place  of  191° 
30'.     (What  mistake  does  this  illustrate?) 

(d)  Notice  that  the  sum  of  the  outer  number  and  the  inner 
number  at  any  point  is  always  360°.  Hence  when  there  is 
only  one  circle  of  numbers  (0°  to  360°  clockwise)  and  it  is 
desired  to  read  an  angle  to  the  left,  consider  the  indicator  to 
have  moved  to  the  left  (counter-clockwise),  but  subtract  the 
nearest  number  behind  the  indicator  from  360°,  and  proceed 
as  if  the  number  were  actually  engraved  upon  the  limb,  as  in 
fact  it  is  when  there  are  two  circles.  As  the  subtraction  in- 
volves only  even  degrees,  this  method  is  better  than  to  read  to 
the  right  and  subtract  from  360°,  for  the  latter  subtraction 
involves  minutes  as  well  as  degrees.  Mountain  transits  and  other 
transits  intended  for  measuring  angles  to  the  right  only  and  hence 
having  but  one  circle  of  numbers,  may  be  used  for  measuring 
angles  to  the  left  by  simply  imagining  the  explementary  num- 
ber engraved  on  the  limb  as  just  suggested.     (See  Art.  95(d).) 
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95.  Combination  of  Pull-circle  and  Half-circle  Systems. 

(o)  In  the  figure  on  the  opposite  page  the  outside  circle  of 
numbers  is  a  /wZZ-circle  system,  increasing  clockwise  exactly 
like  the  outside  circle  in  the  preceding  illustration.  No  fur- 
ther explanation  of  its  use,  therefore,  is  needed. 

The  inner  circle  is  a  half-circle  system  and  is  used  for  measur- 
ing angles  which  do  not  exceed  180°,  as,  for  example,  deflection 
angles  (p.  117).  Thus,  if  the  indicator  is  at  F  in  the  inner 
circle,  the  deflection  angle  is  60°  to  the  right,  but  if  it  is  at  li, 
the  deflection  angle  is  80°  to  the  left. 

(6)  The  j>ortion  of  the  limb  shown  enlarged  is  near  the  230° 
mark  of  the  outer  circle,  but  the  outer  numbers  have  pur- 
posely been  omitted.  The  angles  to  the  left  are  read  in  the 
usual  manner.  The  mistaken  readings  for  angles  to  the  left 
all  come  from  reading  the  number  in  front  of  the  indicator 
instead  of  the  number  behind  it.  There  is,  of  course,  the  same 
danger  of  reading  the  wrong  row  of  numbers  as  in  the  pre- 
ceding illustration. 

(c)  Notice  that  the  sum  of  the  corresponding  numbers  in  the 
outer  and  inner  rows  is  always  360°  after  passing  the  180°  mark 
of  the  outer  circle.  On  some  instruments,  intended  only  for 
measuring  deflection  angles,  the  full-circle  system  is  omitted. 
Suppose  that  it  is  desired  to  measure  angles  to  the  right  ov&r 
180°  on  Such  an  instrument.  After  the  indicator  passes  180° 
the  numbers  run  backward  or  in  the  wrong  direction  for  angles 
to  the  right.  Subtract  the  niimber  behind  the  indicator  from 
360°,  and  proceed  as  if  the  result  were  engraved  on  the  limb 
as  explained  in  the  preceding  article. 

(<J)  lUu^ratum*  On  the  enlarged  arc  it  is  observed  that  the  numbers 
are  increasing  in  the  wrong  direction  for  angles  to  the  right.  If  the  indi- 
cator is  between  120**  and  130°,  the  number  behind  it,  for  angles  to  the 
right,  is  130®.  Hence  360  - 130  ="230°,  and  pi-ooeeding  as  if  230°  were  en- 
graved opposite  130,  as  It  really  is  when  there  are  two  rows  of  mmibers  Csee 
ecmplete  circle),  the  final  reading  is  237°  30'  + .  Likewise,  if  the  indicator 
B  between  140°  and  150°,  the  number  behind  it  (outside  the  liirits  of  the 
drawing)  is  150j  and  hence  360  — 150  =  210°,  from  which  8°  more  is  counted 
dockwise,  making  the  final  reading  218°+.  The  other  readings,  224°  + 
and  210°  30',  are  obtained  in  a  similar  manner. 

(e)  Remark,  In  taking  deflection  angles  it  is  desirable  to  keep  the  zero 
of  the  limb  nearly  imder  the  eyepiece  of  the  telescope  to  save  walking 
around  the  instrument  when  reading  angles.  If  the  half-circle  system  is 
used,  it  will  be  necessary,  after  setting  the  indicator  at  zero,  to  plunge  the 
t^cope  before  backsighting.  In  order  to  avoid  this  the  muidrant  system 
«  numbering  is  often  preferable,  especially  in  railway  work,  where  deflec- 
tion angles  are  seldom  more  than  90*.  This  system  is  illustrated  on  the 
oextpage. 
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,    oLi    06f    06/    ^ 
V    O^i      0^      ^      Of     ^e^  ^ 


>«?^a»7^5  /,7  parenthesis  indicate  common  m'lsM^^ 


FiQ.  96. 
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96.  Combination  of  Full-circle  and  Quadrant  Systems. 

(o)  There  are  two  zero  points  in  the  quadrant  system  (see  inner 
circle),  and  there  should  be  two  verniers  to  correspond,  the  A 
vernier,  nearly  under  the  eye-end  of  the  telescope,  and  the  B 
vernier,  across  the  circle  180°  from  A,  Observe  the  following 
rules:  1.  Alvoays  set  the  A  vernier  at  the  360^  mark  or  zero  of  the 
fuUrcirde  system;  (2)  For  all  angles  except  deflection  angles  ignore 
the  quadrant  numbering  and  invariably  use  the  full  circle  exactly 
as  explained  on  p.  71;  (3)  For  deflection  angles  use  the  inner 
raw  jusi  as  it  stands  for  angles,  right  or  left,  up  to  90°,  For  angles 
over  90**  subtract  the  number  on  the  inner  row  from  180°,  and 
proceed  as  if  the  result  were  engraved  on  the  limb  in  place 
of  the  number  subtracted.     (See  similar  case,  preceding  article.) 

(6)  Caution,  A  common  mistake  is  to  set  the  A  vernier  at  one  of  the 
seroes  of  the  quadrant  ssrstem  but  opposite  the  180°  mark  of  the  full  circle, 
and  then  to  read  from  the  full  circle  as  if  the  A  vernier  had  been  set  at 
the  360**  mark.  This  mistake  of  180°  maybe  avoided  by  invariably  using 
the  full  circle  in  setting  the  A  vernier,  even  in  deflection  angles. 

(c)  Deflection  angles.  When  using  the  quadrant  system  it 
is  not  necessary  to  plunge  the  telescope  before  backsighting. 
This  is  its  chief  advantage  over  the  half-circle  system.  In  set- 
ting the  A  vernier  at  360°  the  B  vernier  is  necessarily  brought 
opposite  one  of  the  zeroes  of  the  quadrant  system,  and  after 
the  telescope  is  plunged  for  foresighting  the  B  vernier  will  be 
the  one  under  the  eyepiece.  Hence  the  angle  is  read  from 
the  B  vernier  to  save  walking  around  the  instrument. 

(d)  lUuatraiion,  If  the  indicator  of  the  A  vernier  is  set  at  A  (see  oppo- 
site page),  the  B  vernier  will  be  at  B.  After  plunging  for  the  foresight  the 
B  vernier  wiU  be  under  the  eye-end  of  the  telescope,  and  if  it  goes  to  Bi, 
the  deflection  angle  is  between  60°  and  70**  to  the  right;  if  it  goes  to  B^, 
the  deflection  an£de  is  between  40**  and  50°  to  the  left.  The  same  results 
tmiid  be  obtained  by  reading  the  A  vernier  in  the  positions  Ai  and  A2 

ively,  but  it  would  be  necessary  to  walk  around  the  instrument. 


The  portion  of  the  limb  shown  enlarged  is  one  of  the  two 
places  where  mistakes  are  most  likely  to  occur;  the  other  place 
is  across  the  circle  near  the  270°  mark.  Notice  that  the  smallest 
division  on  the  limb  is  20' — a  division  which  may  be  used  as 
well  with  any  of  the  other  systems  of  numbers.  It  is  perhaps 
more  usual  to  use  a  half-degree  division  with  the  quadrant 
system,  but  the  one-third  degree  division  is  shown  here  for 
practice  in  reading.  The  readings  given  below  the  arc  are  for 
direct  angles  taken  clockwise,  and  were  obtained  from  the  outer 
row  of  numbers;  readings  above  the  arc  are  for  deflection  angles 
and  were  obtained  from  the  inner  row. 
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97.  Verniers,  (a)  It  is  easier  to  read  a  vernier  correctly, 
once  the  least  count  has  been  ascertained,  than  it  is  to  read 
the  limb,  and  mistakes  are  less  costly  (p.  68).  Generally  if  a 
vernier  is  divided  into  ten  equal  spaces  between  numbers  as 
shown  on  p.  78,  it  reads  to  minutes,  i.e.,  each  space  is  called 
a  minute  though  it  really  covers  nearly  a  degree.  If  the  equal 
spaces  are  again  subdivided  into  two  parts,  each  part  is  called 
3(y'  (p.  80);  if  subdivided  into  three  parts,  each  of  the  smallest 
parts  is  called  20''  (p.  81);  if  into  six  parts,  each  part  is  called 
10''  (p.  82). 

(6)  Remark.  It  helps,  in  reading  the  vernier,  to  think  of  the  larger 
divisions  as  minutes,  and  the  smaller  subdivisions,  if  there  are  any,  as 
30"  or  20"  or  10",  as  the  case  may  be.  It  is  well  to  remember,  however, 
that  each  space  on  the  vernier  really  covers  a  much  greater  arc  than  is 
indicated  by  what  we  call  it. 

(c)  The  least  count  as  determined  by  insi>ection  should  be 
verified  when  using  any  vernier  for  the  first  time.  From  the 
principle  of  the  vernier  the  least  count,  i.e.,  the  difference  be- 
tween I,  the  smallest  division  on  the  limb,  and  v,  the  smallest 

division  on  the  vernier,  is  z=l—v=         ,  where  n  represents 

the  number  of  spaces  on  the  Ihnb  corresponding  to  n  + 1  spaces 
on  the  vernier,  or  nZ=(n  +  l)v,  from  which  equation  the  value 
of  X  is  derived.  For  verniers  as  usually  constructed  the  follow- 
ing rule  will  also  apply: 

Divide  the  value  of  the  smallest  division  on  the  limb  by  the 
number  of  parts  on  the  vernier,   ' 

98.  To  Read  a  Vernier.  Keeping  in  mind  the  value  of  the 
smallest  division  on  the  vernier  it  is  an  easy  matter  to  get  the 
vernier  reading.  If  the  zero  or  indicator  exactly  coincides 
with  a  mark  on  the  limb,  the  angle  is  read  without  using  the 
vernier  (p.  67);  otherwise  find  some  mark  on  the  vernier  which 
is  exactly  opposite  some  mark  on  the  limb.  It  is  immaterial 
what  the  mark  on  the  limb  is, — the  mark  on  the  vernier  de- 
termines the  vernier  reading.  The  limb  reading  to  which  the 
vernier  reading  must  be  added  is  determined  separately,  as 
explained  in  the  first  part  of  the  chapter. 

99.  Suggestions  for  Reading  Verniers.  (1)  Double  ver^ 
niers  like  those  shown  on  succeeding  pages  would  be  unnecessary 
if  angles  were  always  taken  clockwise.  Always  read  that  side  of 
a  double  vernier  which  is  ahead  of  the  zero  or  indicator,  the  direc- 
tion in  which  the  latter  moved  having  been  assumed  in  readinic 
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the  limb  (p.  68).  (2)  When  reading  the  limb  estimate  at  a 
glance  the  approximate  vernier  reading.  This  not  only  saves 
time  by  indicating  where  to  look  on  the  vernier  for  the  line  of 
coincidence,  but  it  often  saves  blunders  such  as  reading  the 
wrong  side  of  a  double  vernier.  (3)  Form  the  habit  of  looking 
at  one  or  two  marks  each  side  of  the  vernier  mark  which  yoa 
think  is  in  coincidence.  If  three  marks  coincide,  take  the  mid- 
dle one;  if  two  marks  !coin,cide,  take  the  average  reading.  In 
the  latter  case  the  reading  will  be  closer  than  the  least  count 
of  the  vernier.  For  example,  the  reading  will  be  to  30"  on  a 
vernier  which  only  reads  to  minutes.  (See  p.  78.)  This  means 
i'lat  the  error  involved  in  reading  any  vernier  is  riot  greater  than  half 
the  least  count  of  that  vernier,  (4)  In  setting  the  vernier  at  zero 
or  at  any  angle,  examine  in  the  same  way  one  or  two  marks 
each  side  of  the  indicator.  (5)  When  there  are  two  verniers 
ISO®  apart  use  the  one  under  the  eye-end  of  the  telescope.  Avoid 
setting  one  at  zero  and  reading  the  other,  except  in  special  cases 
like  that  explained  on  p.  75.  (6)  Use  a  reading-glass  (p.  98). 
(7)  Practical  suggestions  for  measuring  angles  are  given  in  Chap- 
ter IX.'  .'■"■■■ 

100.  Common  Mistakes  in  Reading  Verniers.  (1)  Mis- 
takes due  to  reading  the  wrong  half  of  a  double  vernier.  (2) 
Arithmetical  mistakes  in  adding  the  vernier  reading  to  the 
limb  reading,  or,  what  is  still  more  common,  dropping  the 
minutes  from  the  original  limb  reading,  as  68°  16'  instead  of 
68°  46'  (p.  78).  Do  not  be  so  intent  on  reading  the  vernier  as 
to  lose  track  of  the  correct  limb  reading.  Remember  that  the 
latter  is  by  far  the  more  important.  (3)  In  verniers  reading  to 
seconds  the  mistake  is  sometimes  made  of  calling  seconds  min- 
utes, as  151°  40'  instead  of  151*  0'  40"  (p.  81).  This  is  most 
likely  to  happen  when  the  vernier  reading  is  less  than  a  minute. 

101.  Illustrations  of  Verniers.  In  studying  the  following 
illustrations  of  different  verniers  keep  in  mind:  (1)  That  the 
vernier  and  limb  are  enlarged  to  a  little  more  than  twice  the 
usual  size;  (2)  The  lowest  line  of  each  illustration  shows  how 
the  least  count  is  obtained  from  the  formula  on  p.  76,  Art.  97  (c); 
(3)  The  whole  process  of  reading  the  angle  is  indicated:  first 
the  limb  reading,  then  the  plus  sign,  then  the  vernier  reading, 
and  finally  the  total  reading.  The  mistaken  readings  in 
parentheses  are  wholly  mistakes  in  vernier  readings  or  in  drop- 
ping minutes  from  the  original  limb  readings. 


78 


BEADING  ANGLES 


Verm'er  reads  to  minutes        ^    ,        i^ft 


l'-30'arTd29l-'30v,\x*^  «/' 


n 


Vernier  reads  to  minutes     li^mMo'XO* 


L£FT 


180 
IdO 


1.0  f 


Vernier  same  as  in  I 


Fig.  102. 

102.  I.  and  II.  Verniers  Reading  to  Minutes,  (a)  This  is 
one  of  the  forms  of  verniers  most  used  in  ordinary  work..  The 
mistake  of  291**  16'  instead  of  291**  14'  came  from  reading  the 
wrong  half  of  the  double  vernier.  In  the  mistake  of  68°  16'  in- 
stead of  68°  46'  the  30'  of  the  original  limb  reading  was  forgotten 
when  it  came  to  adding  the  readings.  The  mistake  of  177° 
19'  30"  instead  of  177°  49'  30"  came  in  a  similar  manner  from 
dropping  the  minutes  from  the  original  limb  reading. 

(6)  In  II  two  marks  on  the  vernier  apparently  coincide  with 
two  on  the  limb,  and  hence  the  mean  of  the  two  readings  is 
correct.  This  illustrates  how  30"  may  appear  in  a  reading 
though  the  smallest  space  on  the  vernier  is  caUed  a  minute. 
In  a  great  deal  of  work  it  is  not  worth  while  to  take  account 
of  seconds  in  a  case  like  this, — simply  read  to  either  whole  minute. 
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Vernier  reads  to  minutes 


I'^ZO'and  19l'Z0v.\  x  ^j^  »  /' 


l'2O'and?Ov''39l/.Z0y'39xd0anafv'39f^X''2l-V'^40'39'''l' 


FiQ.  103. 
103.  II.  and  IV.    Verniers  Reading  to  Minutes,     (a)  The 

chief  advantage  of  the  form  of  vernier  in  III  as  compared 
with  that  in  the  preceding  illustration  is  that  it  is  shorter,  and 
may  therefore  be  used  in  a  small  space,  as,  for  example,  when 
set  between  the  standards  to  go  with  the  vertical  circle. 

(6)  In  Illustration  IV  the  vernier  is  constructed  like  that  on 
p.  80  except  that  every  alternate  mark  on  the  vernier  is  omitted. 
Each  division  on  the  vernier  is  called  one  minute,  but  it  is  really 
ZV  long  or  1'  short  of  two  spaces  on  the  limb.  The  advantage 
of  this  construction  is  that  the  division-marks  on  the  vernier 
itself  are  farther  apart  than  those  in  I,  II,  and  III,  and  hence  are 
easier  to  read.  Though  this  is  an  excellent  form  of  vernier  it  is 
not  as  common  a  one  as  that  on  p.  78. 

The  mistaken  readings  in  both  III  and  IV  are  due  to  dropping 
the  minutes  from  the  original  limb  reading. 


80 


READING  ANGLES 


Vernier  reads  fo  30  secori<fs      ,,g' 


~^^^^^^^^ll?JiW 


1=20 and  39l=40vr,  x^'-^'i^' 30" 


31 


yem/er  reacts  to  30  ^^^"^^^LcTs^'M^ 


Vernier  same  as  In  V 


Fia.  104. 
104.  V.  and  VI.     Verniers  Reading  to  30  Seconds.     The 

limb  is  graduated  exactly  like  the  limb  in  III  and  IV,  but  the 
vernier  is  more  finely  graduated,  each  of  the  small  divisions 
being  called  30". 

Both  of  the  mistakes  in  V  are  due  to  dropping  20'  from  the 
original  limb  reading.  Notice  also  in  the  reading  210°  12'  20" 
the  mistake  of  calling  the  smallest  division  on  the  vernier  20" 
instead  of  30".  This  is  a  natural  mistake,  since  the  smallest 
division  on  the  limb  is  20'.  The  mistake  of  249°  39'  30"  was 
also  due  to  dropping  20'  because  of  the  impression  that  the 
limb  reading  was  249°  20'  instead  of  249°  40'. 

The  mistake  of  110°  30'  instead  of  110°  0'  30"  came  from 

adding  the  vernier  reading  as  if  it  were  30'  instead  of  30". 

The  fact  that  30"  and  20',  the  fmallest  divisions  on  the  vernier  and  the 
limb  respectively,  are  unequal  vtmerically  leads  to  confusion  as  indioate<| 
above,  and  makes  this  form  inyc]^  les9  desirable  than  that  on  p.  81. 
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TZII 


Vernier  read$  to  ZO  seconds 


l*t0'and60v^59i:,x''^'f^Z0 


}dM.      .    . .  ^  Vernier  reads  to  ZO  secgr^ds 


tig'ao"'  ^os''S9'20 


Vernier  Tame  as  in  HHT 


Fia.  105» 

105.  VIL  and  VIII.     Verniers  Reading  to  20  Seconds. 

This  form  of  vernier,  in  which  the  smallest  space  is  called  20",  is 
used  for  city  work,  simple  triangulation,  and  other  work  of  high 
accuracy. 

The  mistake  of  229^  53'  instead  of  229°  52'  20"  came  from 
observing  the  12'  mark  on  the  vernier  and  then  counting  the 
next  space  as  if  it  were  a  whole  minute  instead  of  20",  thus 
getting  13'  to  add  to  the  limb  reading  instead  of  12'  20". 

The  mistake  of  151°  40'  instead  of  151°  0'  40"  came  from 
calling  the  vernier  reading  40'  instead  of  40".  This  would 
probably  not  have  occurred  had  the  vernier  reading  been  a  full 
minute  or  more. 

(Question,  Keeping  the  graduations  on  the  limb  the  same,  how 
pould  the  vernier  be  changed  so  that  its  least  covmt  would  be  10"? 
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Vernier  reads  f<y  iO  ^^^^"iL^M/fs^ 


.     Vernier  reads  to  10  ^^^^"fton^cg'ZO!!, 


Vernier  same  as  in  JX 


FiQ.  106. 

106.  IX.  and  X.  Verniers  Reading  to  10  Seconds.  This 
form  of  vernier,  in  which  the  smallest  space  is  called  10",  is 
for  extremely  accurate  work,  and  is  seldom  found  except  on 
sextants  and  on  high-grade  instnmients.  On  a  vernier  like 
this,  several  marks  may  appear  to  coincide  with  marks  on  the 
limb.     Take  the  middle  one. 

The  mistake  of  135°  5'  10"  instead  of  135°  15'  10"  came  from 
dropping  the  10'  from  the  original  limb  reading. 

The  mistake  of  139°  40'  instead  of  139°  0'  40"  came  from 
calling  the  vernier  reading  40'  instead  of  40" — a  mistake  most 
likely  to  occur  when  the  vernier  reading  is  less  than  one  minute. 

Question.  What  is  the  maximum  error  involved  in  a  reading 
when  a  vernier  like  that  in  IX  and  X  is  used^  assuming  that  no 
actual  mistake  is  made?    (See  p.  77.) 
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107.  Special  Forms  of  Verniers.  Special  forms  of  vertiiers 
may  be  devised  at  will,  as,  for  example,  verniers  reading  to  a 
decimal  of  a  degree  (convenient  for  railway  curves). 

(o)  A  vernier  sometimes  used  on  the  sextant  has  60  spaces 
corresponding  to  119  on  the  graduated  arc.  This  makes  each 
spsLce  on  the  vernier  a  little  less  than  two  spaces  on  the  arc. 
It  is  used  as  a  direct  vernier.  (If  the  smallest  division  on  the 
graduated  arc  is  20',  prove  that  the  vernier  reads  to  20".) 

(6)  Retrograde  verniers  are  seddom  used  on  transits.*  A 
special  form  of  retrograde  vernier  is  used  when  it  is  desired  to 
economize  space,  as,  for  example,  in  the  compass-box  for  setting 
off  the  declination,  t  Thirty  spaces  on  the  vernier  correspond  to 
31  on  the  limb,  the  vernier  reading  to  minutes.  There  are 
two  rows  of  numerals  on  the  vernier  arranged  as  follows: 


20 

25 

30 

25 

20 

10 

5 

0 

5 

10 

15        10         5  0  5         10        15 

The  usual  rules  for  reading  do  not  hold  good.  Thus,  if  the 
indicator  is  to  the  right  of  the  zero,  read  the  lower  figures  on  the 
2e/^•hand  vernier,  unless  the  reading  is  over  15',  and  then  the 
upper  figures  on  the  right-hand  vernier  are  used.  If  the  indica- 
tor is  to  the  left  of  the  zero,  read  lower  right-hand  figures  for  less 
than  15',  upper  left-hand  for  more  than  15'.  (See  from  the 
figure  that  this  must  be  so.)  Note  that  this  vernier  is  only 
half  as  long  as  the  ordinary  double  vernier,  and  that  the  lower 
left-hand  and  the  upper  right-hand  verniers  form  one  vernier 
and  vice  versa.-f 

108.  Summary.  For  a  summary  of  this  chapter  see  Arts. 
131, 132,  pp.  96^97. 

*  Verniers  in  which  the  smallest  space  is  larger  than  the  corresponding 
vnallest  space  on  the  limb. 

t  A  similar  "folded"  vernier  is  often  used  for  setting  declinations  which 
11  direct  instead  of  retrograde,  30  spaces  on  the  vermer  corresponding  to 
76  half-degrees  on  the  limb. 


CHAPTER  IX 

USE  OP  THE  TRANSIT 

The  only  way  to  learn  to  use  the  transit  is  to  practice  with  it  in  the 
field,  but  many  suggestions  and  directions  may  be  given  which  will  help 
to  make  that  practice  intelligent  and  eflFective.  After  a  preliminary  read- 
ing, this  chapter  will  best  serve  its  purpose  if  the  different  articles  are 
consulted  at  the  time  that  corresponding  work  with  the  transit  is  being  done 
in  the  field.  Study,  first,  methods  of  work,  and  then  consult  the  chapter 
frequently,  thus  gradually  acquiring  habits  of  work.  It  may  be  added 
that  directions  often  seem  trivial  to  the  beginner  which  are  nevertheless 
well  worth  following  when  learning  to  use  such  an  important  instrument 
as  the  transit. 

The  chapter  on  The  Transit,  Part  III,  shows  how  the  instrument  is  con- 
structed, and  explains  the  workings  of  its  most  important  parts.  The  care 
and  adjustment  of  the  transit  is  also  treated  in  Part  III. 


109.  Caution.  First  of  all,  treat  the  transit  kindly.  Re- 
member, many  of  the  parts  are  of  soft  metal.  Never  force  a 
screw — all  screws  should  work  easily;  if  they  do  not,  there  is 
some  trouble  which  brute  force  will  not  help.  The  diameter 
of  the  head  of  a  thumb-screw  often  gives  a  leverage  out  of  all 
proportion  to  the  strength  of  the  screw,  and  it  is  comparatively 
easy  to  strip  the  thread.  Beginners  too  often  feel  that  clamps 
should  be  set  as  tight  as  possible,  with  the  result  that  each  time 
they  have  to  be  set  a  little  tighter  and  soon  become  useless. 
The  condition  of  the  clamps  on  comparatively  new  school  in- 
struments should  be  a  Isisting  object  lesson.  If  the  object-glass 
slide  in  the  telescope  moves  hard,  probably  dust  or  grit  is  in- 
side, and  it  will  not  take  a  very  strong  man  either  to  destroy 
the  rack  and  pinion,  or  to  cut  deep  scratches  and  grooves  along 
the  surface  of  the  sUde.  Rubbing  dust  from  the  object-glass, 
with  the  handkerchief  may  get  the  dust  off,  but  it  often  leaves 
scratches  on.    Blow  it  off  or  brush  gently. 

Do  not  let  a  transit  stand  with  the  tripod  legs  so  close  together 
that  it  is  easily  upset;  on  the  other  hand,  if  the  legs  are  too  far 
apart  they  may  open  out  and  let  the  transit  down;    this  is 
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especially  likely  to  happen  on  a  smooth  floor.  Be  sure  that  the 
head  of  the  transit  is  firmly  screwed  on  its  tripod. 

Before  taking  the  transit  up  to  carry  it  from  one  place  to  an- 
other do  three  things:  (1)  Loosen  the  lower  clamp  so  that 
both  plates  will  turn  freely  if  accidentally  hit;  (2)  Point  the 
telescope  straight  up,  leaving  it  free  to  turn  on  its  supporting 
axis  at  the  slightest  knock;  (3)  See  that  the  needle  is  lifted  so 
that  the  dehcate  point  of  its  pivot  will  not  be  injured.  As  a 
further  precaution  do  not  carry  the  transit  on  the  shoulder 
when  going  through  a  doorway  or  through  any  other  place 
where  it  is  hkely  to  get  bimiped.     Carry  it  under  the  arm. 

110.  Plumb-bob.  Do  not  begin  the  day's  work  by  leaving 
the  plumb-bob  behind.  The  string  to  the  bob  is  looped  over  a 
hook  under  the  center  of  the  transit,  and  has  a  sliding  knot  by 
which  to  adjust  its  length.  The  figure  shows  the  shding  knot 
before  it  is  drawn  tight.  But  instead  of  putting 
the  end  of  the  string  through  the  loop,  as  shown 
in  the  figure,  double  it  back  upon  itself  so  that 
the  knot  may  be  untied  at  any  time  by  simply 
pulling  the  free  end,  as  in  the  case  of  a  bow-knot. 
Avoid  any  other  knot  in  the  string,  even  one  at 
the  end. 

Another  device  is  to  fasten  one  end  of  the  string 
to  a  piece  of  wood  containing  two  holes,  while  the 
other  end  of  the  loop  passes  through  the  holes 
and  down  to  the  plumb-bob.  Friction  and  the 
crook  in  the  string  hold  the  device  in  any  position 
as  it  sUdes  up  or  down  the  plumb-line.  Bone  or  leather  may  be 
used  in  place  of  the  wood.*  If  the  wind  is  blowing,  shield  the 
bob  with  something  (a  hat  will  do)  to  keep  it  from  swinging. 

111.  Using  the  Telescope.  (See  also  the  chapter  in  Part  III 
on  The  Telescope),  Point  the  telescope  toward  the  sky  and 
move  the  eyepiece  in  or  out  until  the  cross-hairs  are  clearly 
visible.     On  some  instruments  the  eyepiece  is  moved  by  screw- 

.ing  or  twisting  it,  while  in  others  a  focusing-screw  with  rack 
and  pinion  is  used.  Once  the  eyepiece  is  adjusted  to  the  eye  of 
the  transitman,  it  is  not  necessary  to  disturb  it  again.  (See 
paraUcLXj  Part  III.) 

2.  To  get  the  line  of  sight  on  an  object  quickly,  sight  along 
ihe  top  of  the  telescope  before  sighting  through  it. 

*  See  £ng.  Newe.,  Aug.  16, 1900,  or  Baker's  Surveying  Instruments,  p.  35. 
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3.  In  focusing,  remember  that  the  nearer  the  object  the  far- 
ther out  the  object-glass  must  be  run.     "Near-far  and  far-near." 

4.  Do  not  use  the  upp>er  or  lower  part  of  the  vertical  cross- 
hair for  sighting  when  its  intersection  with  the  horizontal  hair 
can  be  used  just  as  well.  The  vertical  hair  may  not  be  truly- 
vertical. 

5.  In  sighting  on  a  pole,  sight  as  far  down  as  possible  (at  the 
very  bottom  if  that  can  be  seen),  for  the  pole  may  not  be  held 
exactly  plumb. 

6»  If  the  telescope  has  stadia-wires,  do  not  mistake  either  of 
them  for  the  regular  horizontal  hair. 

7.  Do  not  take  hold  of  the  telescope  itself  to  move  it  sidewise; 
form  the  habit  of  turning  it  by  taking  hold  of  the  plate  on 
which  the  standards  rest. 

8.  If  the  telescope  is  used  in  the  dark,  the  cross-hairs  must 
be  illumined  by  reflecting  light  down  the  barrel  of  the  telescope. 
Mining  transits  are  furnished  with  a  device  for  this  purposo. 
(See  also  observation  on  Polaris.) 

112.  Transiting,  Plunging,  or  Reversing  the  Telescope. 
Synonymous  terms  for  turning  the  telescope  completely  over 
on  its  supporting  axis,  thus  bringing  it  upside  down,  and 
making  it  point  in  exactly  the  opposite  direction  from  wha"^ 
it  did  before.  The  upper  and  lower  plate  clamps  are  set  so 
that  the  telescope  cannot  move  sideways  while  it  is  being 
reversed. 

113.  Setting  up  the  Transit.  The  transitman  aims  at  two 
things  in  setting  up  a  transit,  viz.:  (1)  He  must  center  it  over 
some  given  point;  (2)  He  must  "level  up,"  i.e.,  make  the 
graduated  plate  horizontal.  The  given  point  is  usually  a  stake 
driven  into  the  ground,  the  head  of  a  tack  or  nail  marking  the 
exact  point  on  the  stake.  The  tripod,  plimib-bob,  and  shift- 
ing-head are  used  to  "center"  the  transit,  the  thumb-screws 
and  plate-levels  to  "level  up."  The  process  may  be  outlined 
as  follows: 

1.  Set  the  tripod,  with  shoes  pressed  firmly  into  the  ground, 
in  such  a  position  that,  when  its  head  is  approximately  level 
(judged  by  the  eye),  the  plumb-bob  will  come  to  rest  nearly 
over  the  point  (tack).     (See  suggestion  5,  Art.  114.) 

2.  Loosen  two  adjacent  thumb-screws,  and,  using  the  shift- 
ing-head, bring  the  point  of  the  plumb-bob  over  the  required 
point  (center  of  tack-head).    Use   the  sUding  device  on  the 
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plumb-bob  string,  if  necessary,  so  that  the  point  of  the  bob 
just  clears  the  stake. 

3.  Tighten  the  two  thumb-screws  (previously  loosened  for 
diifting),  and  by  means  of  all  four  screws  level  up. 

4.  See  that  the  plumb-bob  still  hangs  over  the  center  of  the 
tack  when  the  plates  are  level.  If  in  "leveling  up"  it  has  been 
disturbed,  bring  it  back  to  the  center  by  using  the  shifting- 
head  and  level  up  again. 

Speed  in  aettins  up  a  transit  is  worth  a  great  deal,  for  a  slow  transitman 
can  delay  the  work  of  a  whole  party.  Moreover,  setting  up  over  a  rail- 
way track  ** between  trains"  often  means  quick  work.  It  is  true  that  the 
knack  of  setting  up  a  transit  comes  from  practice,  but  make  it  intelligent 
practice  from  the  start.  Consult  the  next  article  frequently  and  prac- 
tice until  the  methods  suggested  become  second  nature. 

114.  Suggestions  for  Setting  Up  a  Transit. 

(1)  The  clamps  in  the  upper  part  of  the  tripod  should  be  ad- 
justed so  that  they  are  just  tight  enough  for  friction  to  hold 
the  legs  in  any  position. 

(2)  Spread  the  tripod  legs  just  far  enough  to  bring  the  tele- 
scope at  a  convenient  height:  it  saves  stretching  up  or  stoop- 
ing down. 

(3)  Manipulate  the  tripod  so  that  its  head  is  approximately 
level  to  begin  with.  The  less  the  thumb-screws  are  used  the 
better:  saves  wear,  saves  time.  On  level  ground  set  the  shoes 
about  equal  distances  from  the  tack.  On  a  slope  place  ttoo  legs 
on  the  down-hill  side. 

(4)  If  the  tripod  head  is  too  much  out  of  level,  the  thumb- 
screws in  "leveling  up"  will  bind;  do  not  force  them;  start  over 
again  by  moving  the  legs  of  the  tripod  so  as  to  make  the  head 
level. 

(5)  A  moat  important  suggestion.  Set  up  the  transit  at  first 
within  a  foot  or  two  of  the  station  without  any  attempt  to  bring 
the  bob  over  the  tack,  the  main  object  being  to  get  the  plates 
approximately  level,  as  judged  by  the  eye,  and  the  telescope  at 
a  convenient  height,  with  the  tripod  shoes  merely  resting  on  the 
ground.  This  having  been  accomplished  in  two  or  three  quick 
movements,  lift  all  three  shoes  off  the  ground  and  move  the 
transit  bodily  until  the  bob  is  over  the  tack,  push  the  legs  into 
the  ground  and  proceed  to  use  the  shifting-head  and  leveling- 
Bcrews  as  already  explained. 

Bemark.  It  seems  difficult  to  convince  students  that  the  preliminary 
setting  up  to  one  side  of  the  station  is  not  a  waste  of  time.  If  done  cor- 
rectly, however,  it  takes  but  a  few  seconds,  and  a  fair  trial  will  show  that. 
it  actually  saves  time,  especiallv  on  a  side  hill.  As  the  transit  is  taken 
dl  the  shoulder,  set  it  down  with  one  leg  up  hill,  take  the  other  two  legs, 
one  in  either  band,  and  bring  it  to  position,  tb^n  move  it  bodily  over  tA« 
itetioo. 
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(6)  Three  important  suggestions  for  manipulating  the  tripod. 
When  the  bob  is  within  a  few  inches  of  the  tack,  but  too  far 
away  to  be  brought  over  it  with  the  shifting-head,  the  legs  of  the 
tripod  must  be  moved  slightly.  Keep  in  mind  these  three  sug- 
gestions: 

(a)  If  the  plumb-bob  is  off  the  tack,  but  the  plates  are  neaiiy 
level,  move  a  tripod  leg  on  its  own  pivot  towards  or  away  from 
the  tack.  (Changes  the  position  of  the  bob,  but  does  not 
throw  the  plates  greatly  out  of  level.  This  is  the  condition 
most  often  met  with.) 

(6)  If  the  bob  is  over  the  tack,  but  the  plates  are  out  of  level, 
swing  a  tripod  leg  right  or  left  without  moving  it  on  its  own 
pivot.  (Tends  to  level  the  plates  without  changing  the  position 
of  the  bob.) 

(c)  If  the  bob  is  only  a  little  off  the  tack,  first  get  it  "on 

-  line"  with  one  leg  and  the  tack,  and  then 

°.  bring  it  over  the  tack  by  moving  that  leg 

%  •Tack  thus:    If  bob  is  at  a,  Fig.  114  (c),  bring  it  to 

cr^      •c  «       6,  or  to  c  by  moving  legs  d  and  e,  and  then 

bring  it  over  the  tack  by  moving  leg  /,  or 

*         by  moving  both  legs  d  and  6. 

(7)  The  tripod  must  stand  firmly.  On  soft  ground  push  the 
legs  well  in,  but  not  as  if  they  were  to  stay  for  all  time.  Push- 
ing against  a  leg  crosswise  is  a  waste  of  strength  and  may  break 
it  by  bending;  push  lengthwise.  On  hard,  smooth  surfaces, 
such  as  floors  and  pavements,  put  the  shoe-points,  if  possible, 
in  cracks  or  small  holes,  to  prevent  sUpping. 

(8)  Avoid  setting  a  tripod  leg  ''on  Kne"  where  it  might  in- 
terfere with  stretching  the  tape  in  chaining  between  stations. 

(9)  If  the  wind  is  blowing,  kneel  on  the  windward  side  of  the 
plumb-bob  and  shield  it  with  the  body  or  with  a  hat. 

Suggestions  for  vising  the  thumb-screws  in  leveling  up. 

(10)  Two  diagonally  opposite  screws  are  worked  at  the  same 
time,  first  one  pair,  then  the  other,  alternating  until  the  plates 
are  level.  The  thumbs  always  move  toward  or  away  from  each 
other.  The  knowledge  of  which  way  to  turn  the  screws  should 
soon  become  instinctive.  It  may  be  helpful,  however,  to  re- 
member that  the  bubble  vnU  move  in  the  direction  in  which  the 
left  thumb  is  turned. 

(11)  If  there  is  only  one  plate-level,  it  is  placed  parallel  to 
the  first  pair  of  thumb-screws  used,  and  then  parallel  to  the 
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other  pair.  If  there  are  two  plate-levels,  each  is  placed  parallel 
to  a  pair  of  diagonally  opposite  screws. 

(12)  Keep  all  four  thumb-screws  bearing  evenly  and  firmly. 
If  one  of  a  pair  is  turned  faster  than  the  other,  it  will  either 
bind  or  be  raised  off  the  bearing  plate;  stop  turning  this 
screw  until  the  other  catches  up.  If  all  are  turning  hard,  the 
tripod  head  is  too  much  out  of  level,  or  one  pair  has  been 
forced,  or  possibly  the  screw-threads  need  cleaning.  Consult 
an  instructor. 

Remark.  The  leveling-screws  should  tiim  so  easily  that  they  may  be 
rolled  between  the  palms  of  the  hands.  This  is  quicker  than  turning  them 
with  the  fingers. 

(13)  After  leveling  up,  take  hold  of  the  graduated  plate  and 
see  if  it  is  firm;  if  it  rocks,  one  or  more  of  the  thumb-screws 
is  not  bearing  properly. 

(14)  In  setting  up  to  prolong  a  straight  line,  it  is  well  to  have 
one  pair  of  diagonally  opposite  thumb-screws  in  the  line,  the 
other  pair  at  right  angles  to  it. 

(15)  In  precise  work,  especially  where  the  transit  is  to  be  used  for 
leveling,  it  is  better  to  be  guided  by  the  level  attached  to  the  telescope, 
as  this  ia  more  sensitive  than  the  plate-levela.  The  latter  may  be  used 
until  the  plates  are  approximately  level.  The  telescope  is  then  clamped 
in  a  horizontal  position,  and  brought  first  over  one  pair  of  leveling-screws 
and  then  over  the  other,  just  as  in  setting  up  a  level.  It  must  be  carefully 
noted,  however,  that  in  the  case  of  the  transit  the  bubble  is  brought  half- 
way back  to  the  center  of  its  tube  with  the  leveling-screws,  and  the  rest 
of  the  way  by  moving  the  telescope  up  or  down  with  the  slow-motion 
screw  which  controls  the  revolution  of  the  supporting  axis. 

115.  Accuracy  Required  in  Setting  Up  a  Transit.     It  is 

not  always  necessary  to  have  the  bob  exactly  over  the  tack 
or  the  plates  exactly  level.  Like  all  surveying  operations, 
"setting  up''  demands  care  in  proportion  to  the  results  re. 
quired. 

If  angles  are  being  read  to  the  nearest  minute,  and  points 
sighted  at  are  from  50  to  100  feet  away,  the  point  of  the  bob 
can  be  from  J  to  J  in.  from  the  center  of  the  tack  without 
seriously  affecting  results.  (See  the  next  chapter.)  An  ex- 
perienced transitman,  however,  should  be  able  to  bring  the 
bob  to  within  less  than  a  quarter  of  an  inch  of  the  point  without 
special  effort  or  waste  of  time. 
In  leveling  up,  the  following  points  should  be  remembered: 
1.  In  measuring  the  horizontal  angle  between  two  points 
about  on  the  same  level,  the  plates  need  be  only  approximately 
level.     (They  can  often  be  leveled  by  the  eye  alone.) 
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2.  In  measuring  the  horizontal  angle  between  a  high  and  a 
low  point,  more  care  should  be  taken  in  leveling  up — especially 
should  the  bubble  be  in  the  center  of  that  tube  which  is  at 
right  angles  to  the  telescope. 

3.  In  measuring  the  vertical  angle  between  points  in  the 
same  vertical  plane,  it  is  only  that  plate-level  parallel  to  the 
telescope  which  requires  special  attention. 

The  student  will  be  well  paid  if  he  will  experiment  for  him- 
self along  the  lines  suggested  by  this  article. 

Errors  caiised  by  poor  setting  up  are: '  (1)  From  not  getting 
the  center  over  the  tack;  (2)  From  not  getting  the  plates  level. 
Errors  from  these  sources  are  as  a  rule  comparatively  small. 

116.  Backsight — Foresight.  A  transit  stands  at  B.  It  is 
desired  to  measure  the  angles  ABC  and  ABD,  and  to  produce 

the  Une  AB  to  E.  In  measuring  either 
angle  or  in  producing  the  line,  if  the  point 
A  is  the  first  point  sighted  at,  then  AB 
is  called  the  backsight,  while  the  sights 
on  C,  E,  and  D  are  called  foresights.  An 
Fig.  116.  indefinite  nimiber  of  sights  to  other  points 

(all  foresights)  could  be  taken,  the  angles  to  which  could  all  be 
measured  from  AB  as  &  backsight.  A  backsight  is  a  point  of 
reference  (or  more  strictly  a  Hne  of  reference  from  the  transit 
to  some  other  point);  from  it  angles  are  measured  to  lines  (fore- 
sights) to  other  points.  If  the  angle  is  180°,  the  hne  of  back- 
sight is  simply  produced.  A  backsight  is  usually  the  first 
sight  taken  after  the  transit  is  set  up,  arid  ordinarily  only  one 
backsight  is  used  no  matter  how  many  foresights  may  be  needed. 

Note.  The  terms  backsight  and  foresight  are  unfortunate  in  that  they 
imply  direction:  they  have  nothing  to  do  with  direction.  Thus,  if  only 
the  angle  ABC  were  to  be  measured,  one  might  sight  on  C  first,  in  which 
case  CB  would  be  the  backsight. 

(1)  /n  this  book  when  three  letters  or  numbers  are  used  to  denote  an  angle 
the  MIDDLE  letter  or  number  represents  the  vertex  of  the  angle  (i  c,  whire 
the  transit  stood  when  the  angle  vkls  measured).  Unless  otherwise  stated  it 
may  be  assumM  also  that  the  first  letter  or  number  represents  the  backsight 
and  the  third  letter  or  number  the  foresight. 

Illustration.  If  XrZ  =  40°,  Y  is  the  vertex,  X  the  backsight,  and  Z 
the  foresight. 

117.  Permanent  Backsight.  A  backsight  is  usually  taken 
on  a  pole  or  pencil  held  by  one  of  the  party.  It  is  often  desir- 
able  to  establish  a  permanent  backsight  so  that  the  transitman 
can  sight  to  it  whenever  he  desires  without  keeping  a  man  there 
to  give  the  sight.  When  the  Une  of  sight  is  set  on  the  back- 
sight for  the  first  time,  before  unclamping,  move  the  telescope 
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up  or  down.  Usually  the  line  of  sight  will  strike  some  object 
definite  and  prominent  enough  to  use  as  a  backsight  in  place 
of  the  other,  thus  allowing  the  flagman  to  be  called  in.  A 
crack  in  the  fence,  a  mark  on  a  tree,  some  definite  comer  of  a 
house,  or  something  similar,  can  be  used,  but  if  none  is  readily 
found,  it  often  pays  to  have  a  flagman  make  a  "permanent 
backsight  by  sticking  in  a  flagpole  or  a  chain-pin,  or  by  making 
some  mark  that  can  be  easily  distinguished  through  the  tele- 
scope. 

118.  Permanent  Foresight.  When,  as  is  often  the  case, 
a  number  of  points  are  to  be  "lined  in'*  with  some  point  ahead, 
it  is  an  excellent  plan  to  establish  a  permanent  foresight  as  far 
ahead  as  practicable,  so  that  if  the  line  of  sight  gets  off  the 
point  the  transitman  will  notice  it  and  bring  the  Hne  in  again. 

119.  Use  of  the  Upper  and  Lower  Clamp. 

The  lower  clamp  and  corresponding  slow-motion  screw  are 
used  in  getting  a  backsight;  these  mvst  never  he  disturbed  while 
taking  a  foresight. 

The  upper  clamp  and  tangent-screw  are  used  in  setting  the 
indicator  at  zero  and  in  getting  a  foresight. 

(a)  Note.  The  importance  of  keeping  the  above  in  mind  is  readily  seen. 
If,  after  taking  a  backsight,  the  transitman  wiU  keep  hia  hands  off  tfus  lower 
Mrt  of  the  transit,  he  will  avoid  the  danger  of  disturbing  his  backsight. 
When  in  doubt,  turn  the  upper  screw — that  can  do  little  harm.  Disturb- 
ing the  backsight  may  mean  beginning  all  over  again.  Note  that  a  tangent- 
tcrew  will  not  work  until  the  corresponding  damp  is  set.  Errors  often  arise 
from  thinking  clamps  are  set  when  they  are  not,  or  from  clamps  sUpping. 
C3amps  should  not  be  forced,  but  they  must  be  set  tight  enough  to  nold. 
After  setting  on  the  backsight,  it  is  well  to  try  turning  the  upper  plate 
gently,  as  a  test  before  beginning  to  take  angles.  If  the  cross-hairs  move 
<M  the  point  and  do  not  return,  the  clamp  must  be  tightened. 

120.  Lining  in,  or  Sighting  in  Line.  Be  sure  the  line  of 
sight  is  on  the  desired  point  and  all  clamps  set.  Look  along 
the  top  of  the  telescope  and  motion  the  flagman  approximately 
mto  line,  then  look  through  the  telesoope  and,  sighting  at 
the  point  of  the  rod  if  possible,  signal  into  line.  (Make  the 
signal  correspond  to  the  distance  the  rod  must  be  moved:  a 
vigorous  motion  means  to  move  it  quite  a  distance,  a  slight 
motion  means  a  short  distance).  For  sights  three  hundred  feet 
or  less,  a  lead-pencil  is  often  used  instead  of  a  rod.  Do  not 
split  hairs  in  lining  in  the  chainman.     (See  Art.  63,  p.  41.) 

In  setting  the  stake  for  a  transit  station,  first  line  the  stake 
in  and,  if  possible,  watch  it  as  it  is  being  driven;  make  the 
axeman  drive  it  so  that  its  middle  is  about  on  line,  and  then 


92  USE  OF  THE  TRANSIT 

set  the  tack  with  exactness,  using  a  pencil  to  sight  on  when 
possible. 

121.  Reversing  in  Azimuth  and  Altitude,  or  Double 
Reverse.     A  technical  term  for  the  following  process:  A  transit 

stands  at  T.     Clamp  the  upper  and 
lower  plates  together  at  the  start  and 
do  not  unclamp  during  the  process. 
Fig.  121  ^    ^^'^  means  that  no  angles  are  read, 

and  no  use  whatever  is  made  of  the 
vernier, — it  is  not  necessary  even  to  set  it  at  zero. 

(1)  Backsight  on  A.  (Using  the  lower  clamp  and  tangent 
screw.) 

(2)  Plunge  the  telescope.  If  the  transit  is  in  adjustment, 
the  line  of  sight  will  strike  some  point  in  the  line  AT  pro- 
duced, as,  for  example,  the  point  D;  if,  however,  it  is  out  of 
adjustment,  it  will  strike  some  other  point,  as  B, 

(3)  Let  the  telescope  remq,in  bottom  side  up,  unclamp  the 
lower  screw,  turn  the  two  plates  together  until  the  telescope 
(still  bottom  side  up)  again  points  at  the  backsight  on  A, 
Clamp  the  lower  clamp  and  bring  the  cross-hairs  exactly  on  A 
with  lower  tangent-screw. 

(4)  Plunge  the  telescope.  (The  telescope  now  becomes  right 
side  up.)  If  the  transit  is  in  adjustment,  the  line  of  sight  will 
again  strike  the  pK)int  D,  but  if  it  is  out  of  adjustment,  the  line 
of  sight  will  strike  a  point  C  which  is  as  far  on  one  side  of  TD 
as  B  is  on  the  other  side.  In  practice,  unless  the  instrument 
is  badly  out  of  adjustment,  the  points  B  and  C  are  usually 
within  an  inch  or  so  of  each  other,  and  the  true  point  D,  half, 
way  between  B  and  C,  is  easily  established  by  measurement. 

Note.  No  use  is  made  of  the  graduations  on  the  lower  plate,  thus  elim- 
inating error  from  incorrect  graduation  or  from  not  setting  the  vernier  at 
exactly  180**.  Notice  also  that  either  the  upper  or  the  lower  clamp  can  be 
used,  provided  both  are  tight  when  the  telescope  is  plunged.  It  is  better, 
however,  to  set  the  upper  clamp  once  for  all  before  taking  the  firat  backeight 
and  then  leave  it  alone.  If,  in  setting  up  the  transit,  hint  (14),  page  80.  is 
followed,  the  error  due  to  the  plate-level  being  out  of  adjustment  may  be 
eliminated  bv  leveling  for  the  bubble  in  that  tube  at  right  angles  to  the 
line,  just  before  each  backsight  is  taken.  Do  not  take  nold  of  the  tele- 
scope to  turn  it  around  horizontally. 

122.  Prolonging  a  Straight  Line.     (Four  methods.) 

1.  Set  up  at  one  end,  sight  at  the  other  end  and  line  in. 

2.  Set  up  at  one  end,  backsight  on  the  other  end  and,  plung- 
ing the  telescope,  line  in. 

3.  If  not  sure  that  the  transit  is  in  adjustment,  use  the 
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method  of  double  reverse.  In  important  work  this  method 
should  be  used  as  a  precaution  whether  the  transit  is  in  ad- 
justment or  not. 

4.  Balance  in  the  transit  on  any  point  in  the  line  produced 
(see  Art.  124),  and  set  other  points  as  desired. 

123.  Double  Centering.  A  term  sometimes  used  to  denote 
the  third  method  in  the  preceding  article  of  finding  a  point  on 
a  line  prolonged. 

124.  Balancing  In.  Getting  the  transit  on  Une  with  two 
points,  when  the  point  at  which  the  transit  is  to  stand  has 
not  been  previously  estabhshed.  This  is  done  by  trial.  When 
neither  of  the  given  points  can  be  seen  from  the  other  and 
the  transit  stands  between  them,  the  work  is  more  difHcult. 
The  method  pursued  is  given  on  p.  201. 

125.  Measuring   Horizontal   Angles.     In  measuring   an 
angle  keep  in  mind  that  the  lower  part  of  the  in- 
strument is  a  protractor,  and  the  upper  part  merely 
a  pointer  with  the  zero  mark  of  the  vernier  for  an 
indicator.     The  outline  of  the  actual  work  done  in  ^^ 
measuring  an  angle,  as  ACB^  is:                                      Fia.  12.. 

(1)  Set  up  at  C. 

(2)  With  upper  and  lower  clamps  loose,  revolve  both  plates 
until  the  zero  on  the  vernier  coincides  as  nearly  as  may  be  with 
the  zero  on  the  limb.  Set  the  upper  clamp  and  with  the  cor- 
responding tangent-screw  make  the  zeroes  exactly  coincide. 
(This  is  called  setting  the  vernier  at  zero.)  Observe  the  marks 
each  side  of  the  zero. 

(3)  Backsight  at  A.  When  the  line  of  sight  is  nearly  on  A 
set  the  lower  clamp  and  make  it  exactly  strike  A  with  the  cor- 
responding tangent-screw  (lower). 

(4)  Loosen  the  upper  clamp,  turn  the  upper  plate  until 
the  line  of  sight  is  nearly  on  J5,  set  the  upper  clamp  and 
make  the  line  of  sight  exactly  strike  B  with  the  upper  tangent- 
screw. 

(5)  Read  the  angle. 

Using  the  wrong  clamp  or  tangent-screw  is  a  frequent  source 
of  error.  See  Art.  119  (a),  p.  91.  Notice  which  is  used  for 
each  operation,  viz. : 

Setting  the  vernier  (2).     Upper  clamp  and  tangent-screw. 

Backsighting  on  A  (3).    Lower  clamp  and  tangent-screw. 

Foresighting  on  B  (4).    Upper  clamp  and  tangent-screw. 
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It  will  help  matters  to  remember  that  in  measuring  angles> 
the  only  use  made  of  the  lower  clamp  and  lower  tangent-screw 
is  in  backsighting,  and  that  the  upper  clamp  and  the  upper 
tangent-screw  are  used  for  everything  else,  including  setting  the 
vernier  and  foresighting.  The  upper  clamp  or  tangent-screw  must 
never  be  disturbed  when  backsighting ,  and  the  lower  clamp  or 
tangent-screw  must  never  be  disturbed  when  foresighting. 

For  a  more  accurate  method  of  measuring  angles  (by  repe- 
tition) see  Art.  138,  p.  99. 

126.  Angles  Taken  to  the  Right  or  Left.  Any  angle  as 
BCA  has  two  values,  one  measured  clockwise,  the  other  counter- 
clockwise. If  measured  clockwise,  it  is  said  to 
be  taken  to  the  rjght;  if  measured  counter- 
clockwise, it  is  taken  to  the  left.  The  difference 
lies  wholly  in  the  direction  in  which  the  angle  is 
read;  it  makes  no  difference  whatever  in  which 
direction  the  telescope  is  turned  when  moved 

from  the  backsight  to  the  foresight.  This  will  be  clear  if  the 
methods  of  reading  right  and  left  angles  as  explained  in  the 
preceding  chapter  are  understood.  In  ordinary  surveying 
it  is  better  on  the  whole  to  take  all  angles  to  the  right,  but  in 
some  hues  of  work  it  is  more  convenient  to  take  them  right 
or  left.  Keep  in  mind  that,  except  for  deflection  angles, 
360^  minus  an  angle  to  the  right  equals  the  corresponding 
angle  to  the  left  and  vice  versa. 

127.  Taking  a  Number  of  Angles  from  the  same  Back- 
sight. 

1.  Set  the  vernier  at  zero.     (Upper  clamp  and  tangent-screw.) 

2.  Backsight  on  A,     (Lower  clamp 
and  tangent-screw.) 

3.  Foresight  on  B,     (Upper  clamp      '*'"^^^I!i^ 
and  tangent-screw.)     Read  the  angle.  '*  _    _ 

4.  Foresight  on  C.     (Upper  clamp  ~^~     ^0 
and  tangent-screw.)    Read  the  angle.                  ^°'  ^^^* 

5.  Foresight  on  D.  (Upper  clamp  and  tangentnscrew.)  Read 
the  angle. 

Thus  any  number  of  angles  may  be  taken  from  A  as  a  back- 
sight. Note  again  that  the  lower  clamp  and  corresponding 
tangent-screw  are  not  to  be  disturbed  after  the  backsight  is  taken. 

128.  Setting  the  Vernier.  Setting  the  vernier  at  zero  is 
merely  a  matter  of  convenience.    In  some  cases  it  is  better  to 
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Bet  it  at  random,  read  it  before  and  after  measuring  the  angle, 

and  take  the  di£ference  of  the  two  readings. 

lUuatration.  The  vernier  is  set  at  30°  10'  before  backsightinff.  The 
na^ng  from  the  foresight  is  70°  21'.  The  value  of  the  angle  is:  70°  21'  — 
30°10'-40<>11'. 

129.  Suggestions  for  Measuring  Horizontal  Angles. 

1.  Remember  that  the  telescope  cannot  be  turned  right  or 
left  without  turning  the  upper  plate  with  it. 

2.  1i  there  are  two  verniers,  it  is  sufficient  in  ordinary  work 
to  use  only  one,  and  that  should  be  the  one  which  is  more  nearly 
under  the  eyepiece  of  the  telescope.  (Saves  walking  around 
the  transit.)  The  other  vernier  across  the  circle  should  not  be 
used  at  all  except  in  special  cases.  Avoid  the  mistake  of  using 
first  one  and  then  the  other  indiscriminately,  or  getting  the 
two  confused. 

3.  Form  the  habit  of  estimating  by  eye  whether  an  angle  is 
between  90**  and  180*^,  or  between  180**  and  270**.  This  is  one 
of  the  best  hints  that  can  be  given,  and  if  the  beginner  will  check 
his  readings  in  this  way  he  will  save  himself  absurd  mistakes 
of  an  even  90®  or  an  even  180**  due  to  reading  the  wrong  vernier 
or  the  wrong  number  on  the  limb.     (See  p.  71,  Art.  94  (6).) 

4.  After  the  backsight  is  taken  see  that  all  clamps  are  tight 
and  that  the  vernier  is  set  exactly  at  zero  before  loosening  the 
upper  clamp  to  take  angles,  but  donH  force  the  clamp.  To  make 
sure,  test  the  lower  clamp  by  trying  gerdly  to  turn  the  plate.  If 
the  cross-hairs  move  slightly  off  of  the  backsight  but  come  back 
again  when  the  hands  are  removed  from  the  plate,  the  clamps 
are  tight. 

5.  Do  not  rest  the  hands  on  the  tripod  or  upon  any  other 
part  of  the  instnmient. 

6.  In  taking  a  large  number  of  angles  from  the  same  back- 
sight a  good  transitman  will  find  time,  every  few  angles,  to 
ai^t  on  his  ''permanent  backsight'*  to  make  sure  that  the 
lower  part  of  the  transit  has  not  been  disturbed.  After  taking 
a  set  of  angles  always  do  this  the  last  thing  before  leaving  the 
station. 

7.  In  taking  a  number  of  angles  from  the  same  backsight,  it 
is  not  necessary  to  set  the  upper  clamp  each  time  if  the  tan- 
gent-screw is  not  used.  Where  angles  have  to  be  read  rapidly 
and  to  the  nearest  minute  or  two,  it  is  better  not  to  use  the 
upper  clamp  at  all. 
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8.  If  a  number  of  angles  are  taken  from  the  same  backsight, 
and  if,  as  is  often  the  case,  one  is  more  important  than  the 
others,  aim  to  take  the  important  one  first  as  soon  as  possible 
after  backlighting,  to  avoid  the  error  from  sUght  disturbances 
of  the  transit. 

9.  In  taking  angles  to  the  right  it  is  not  necessary  to  turn 
the  telescope  to  the  right.     Turn  it  through  the  shorter  arc. 

10.  Follow  the  suggestions  for  using  the  vernier  and  reading 
angles  given  in  Art.  131. 

130.  Sources  of  Error  in  Measuring  Horizontal  Angles. 
If  the  transit  is  in  good  working  order,  well  adjusted  and  no 

parts  loose,  the  most  common  sources  of  error  are: 

1.  Careless  setting  up, — ^not  over  the  tack,  or  plates  not  level, 
or  legs  not  firm. 

2.  The  slipping  of  a  clamp  when  it  is  supposed  to  be  tight. 

3.  Rough  or  careless  handling  of  the  instrument. 

4.  Careless  sighting, — ^intersection  of  cross-hairs  not  used,  or 
sighting  at  the  top  instead  of  the  bottom  of  the  rod. 

6.  Instrument  disturbed  or  jarred  out  of  position  by  walking 
around  it,  by  passing  teams  or  cars;  vibration  of  telescope  in 
strong  wind. 

6.  Mistakes  in  setting  the  vernier  or  in  reading  the  angle. 
A  discussion  of  these  errors  will  be  found  in  the  next  chapter. 

131.  Suggestions  for  Using  the  Vernier  and  Reading 
Angles.     (A  summary  of  Chapter  VIII.) 

1.  Use  the  upper  clamp  and  tangent-screw  for  setting  the  ver- 
nier. Loosen  both  clamps,  upper  and  lower,  until  the  setting 
is  near  enough  to  use  the  tangent-screw,  then  tighten  the  upper 
clamp;  after  that  remember  that  the  upper  tangent-screw  can- 
not be  turned  wUhotd  disturbing  the  setting  of  the  vernier, 

2.  If  there  are  two  verniers,  180®  apart,  use  the  one  that  is 
nearly  under  the  eyepiece  of  the  telescop)e.  Do  not  use  the 
other  vernier  at  all  except  in  special  cases. 

3.  Ascertain  from  inspection  whether  the  center  (or  inner)  row 
of  numbers  on  the  limb  is  to  be  read  for  angles  to  the  right. 
JJse  this  row  exclusively  except  in  work  where  angles  are  taken 
to  the  left. 

4.  Do  not  make  the  mistake  of  setting  the  vernier  at  the 
wrong  zero.  If,  for  example,  the  outer  row  is  graduated  from 
0°  to  360°,  and  the  inner  row  is  graduated  by  the  half-circle 
method  or  by  the  quadrant  method  (see  pages  73-75),  one  of  the 
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xeroes  on  the  inner  row  will  come  opposite  to  the  180'  mark  on 
the  outer  row.  A  common  mistake  is  to  set  the  vernier  at  this 
lero  and  then  read  the  angle  as  if  it  had  been  set  at  the  360° 
mark  (or  corresponding  zero)  of  the  outer  row.  This  will  make 
an  error  of  180°  in  the  angle. 

5.  In  setting  the  vernier  as  well  as  in  reading  angles,  look  at 
two  or  three  vernier  marks  rather  than  at  a  single  mark. 

6.  Before  looking  at  the  vernier  make  sure  that  you  have  the 
limb  reading  correct,  especially  the  even  number  of  degrees. 
Always  keep  in  mind  the  value  of  the  smallest  division  on  the 
limb  and  do  not  neglect  the  fraction  of  a  degree.  Estimate 
roughly  from  inspection  of  the  limb  what  the  vernier  reading 
^ould  be  before  looking  at  the  vernier. 

7.  In  a  double  vernier  read  the  vernier  which  is  in  advance  of 
the  indicator. 

8.  In  reading  the  vernier  keep  in  mind  the  value  of  the 
smallest  division,  and  if  it  is  in  seconds  do  not  call  it  minutes. 
Notice  if  the  final  reading  agrees  with  that  previously  estimated 
from  the  limb. 

9.  Finally.  The  order  in  reading  an  angle  is:  (1)  Note  the 
limb  reading  carefully;  (2)  Estimate  the  vernier  reading;  (3) 
Read  the  vernier;  (4)  Add  the  vernier  reading  to  the  limb 
reading. 

132.  Common  Mistakes  in  Reading  Angles.  (See  Chapter 
VIII.) 

1.  Setting  the  vernier  at  a  zero  of  the  inner  circle,  but  not  at 
the  zero  of  the  outer  circle,  and  reading  the  angles  thereafter 
from  the  outside  circle,  or  vice  versa, 

2.  Omitting  the  fraction  of  a  degree  in  reading  a  limb. 

3.  Reading  the  inside  circle  of  numbers  on  the  limb  instead 
of  the  outside  circle,  or  vice  versa, 

4.  Getting  the  number  of  degrees  wrong  when  the  limb  is  not 
numbered  continuously  from  0  to  360. 

5.  Reading  the  B  vernier  instead  of  the  A  vernier,  or  vice 
versa. 

6.  Reading  the  wrong  side  of  a  double  vernier. 

7.  Calling  the  smallest  division  on  a  30",  20'%  or  lO"  vernier 
minutes  instead  of  seconds. 

8.  Looking  at  a  single  vernier  mark  instead  of  at  two  or  three. 

9.  Arithmetical  mistakes  in  adding  the  vernier  reading  to  the 
limb  reading. 
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10.  Finally:  Mistakes  are  more  likely  to  occur  in  reading  the 
limb  than  in  reading  the  vernier,  and  mistakes  in  reading  the 
limb  are  the  more  serious.  Many  such  mistakes  may  be  avoided 
by  habitually  estimating  angles  by  eye  as  a  rough  check  on 
the  reading.     (See  suggestion  3,  p.  96.) 

133.  The  Reading-glass.  A  small  magnifying-glass  is  used 
for  reading  the  vernier;  one  about  an  inch  in  diameter  is  a 
good  size.  Steady  the  glass  by  resting  the  hand  on  the  plate 
near  the  vernier,  and  bring  the  glass  slowly  toward  the  eye 
until  the  best  results  in  clearness  and  magnification  are  ob- 
tained. In  bright  sunlight  a  good  way  is  to  use  both  hands, 
one  resting  on  either  side  of  the  vernier,  with  the  reading-glass 
supported  between  them.     This  effectively  shades  the  vernier. 

134.  Taking  Angles  from  the  Backsight  Prolonged.  In 
some  classes  of  work,  especially  in  railroad  work  and  in 
surveys  which  continue  more  or  less  in  a  straight  hne,  it  is 

more  convenient  after  backsighting  to 
plunge  the  telescope  and  take  angles 
right  or  left.  Thus  in  Fig.  134,  back- 
sight on  Af  plunge  the  telescope  and 
measure  an  angle  CTD  to  the  right  or 
CTB  to  the  left.    Such  angles  are  called 

deflection   angles,     (See   p.    120.)    Deflection   angles   are   never 

greater  than  180°, 

135.  Vertical  Angles,  (a)  With  the  horizontal.  If  neces- 
sary, first  adjust  the  vertical  arc  so  that  it  is  at  zero  when  the 
hne  of  sight  is  level  (as  shown  by  the  level-bulb  attached  to 
the  telescope).  Sight  approximately  at  the  point,  set  the  clamp 
that  controls  the  movement  of  the  telescope  in  the  vertical  plane, 
and  use  the  corresponding  tangent-screw  to  bring  the  line  of 
sight  exactly  on  the  point.     Read  the  vertical  arc. 

Caution.  On  some  transits  the  vertical  arc  is  fastened  to  the  supporting 
axis  by  a  clamp,  and  when  this  clamp-screw  is  loose  the  axis  may  turn 
without  taking  the  vertical  arc  with  it.  Be  constantly  on  guard  when 
measuring  vertical  angles  with  such  an  instrument,  to  make  sure  that  the 
reading  is  zero  when  tne  bubble  is  at  the  center  of  its  tube. 

If  neither  the  vertical  arc  nor  the  corresponding  vernier  is  adjustable, 
note  the  reading  when  the  line  of  sight  is  horizontal.-  This  reading,  some- 
times called  an  index  error,  must  then  be  appHed  ivith  its  proper  eUgebraic 
sign  to  all  readings,  just  as  if  the  vertical  angle  were  taken  between  any 
two  points,  as  explained  in  the  next  paragraph. 

(6)  Vertical  angle  between  two  points.  Sight  first  at  one  pK>int, 
note  the  reading  on  the  vertical  arc,  then  sight  at  the  other  and 
note  that  reading.  Use  the  clamp  and  tangent-screw  attached 
to  the  supporting  axis.     Inspection  of  the  vertical  circle  will 


Fig.  134. 
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make  it  obvious  whether  to  add  or  to  subtract  the  readings.  If 
both  sights  are  above  or  below  the  horizontal,  subtract;  if  one 
ia  above  and  the  other  below,  add.  It  is  not  usually  necessary 
in  surveying  to  measure  vertical  angles  with  the  same  precision 
required  for  horizontal  angles. 

136.  To  Turn  off  a  Horizontal  Angle.     The  reverse  of 

measuring  an  angle.    Set  the  vernier  at  zero  and  clamp  the 

plates  together  (upper  clamp).     Backsight  and  set  the  lower 

clamp.     Loosen  the  upper  clamp  and  set  the  vernier  at  the 

angle  to  be  laid  off.     Set  the  upper  clamp,  "line  in*'  the  pole, 

stsJse,  tack,  or  whatever  is  used  to  mark  the  desired  point. 

yote.  Notice  that,  as  in  measuring  angles,  the  lower  clamp  is  only 
used  for  backsighting.  The  most  common  angle  to  lay  off  is  9()°  for  foun- 
dations of  structures,  for  rectangular  pieces  of  land,  for  triangulation,  and 
for  many  other  purposes.  For  a  more  accurate  method  (by  repetition) 
see  Art  142. 

137.  To  Measure  Horizontal  Angles  with  Great  Accuracy. 

Errors  in  adjustment  must  be  eliminated  and  the  angle  read 
to  as  small  a  fraction  of  arc  as  the  instrument  will  allow.  As 
most  transits  are  more  or  less  out  of  adjustment,  and  as  the 
ordinary  transit  reads  to  minutes  or  possibly  half-minutes,  the 
method  of  Art.  125,  depending  on  a  single  reading,  will  not  give 
the  best  results.  One  of  the  two  methods — ^by  repetition  or  by 
series — ^may  be  used  where  greater  accuracy  is  required.  Both 
methods  depend  upon  multiplying  the  number  of  the  observa- 
tions. 

138.  Measuring  Angles  by  Repetition.  To  measure  an  ang^le 
by  repetition  means  to  measure  it  two  or  more  times,  allowing 
tl^  vernier  to  remain  clamped  each  time  at  the  previous  reading 
instead  of  setting  it  back  at  zero  when  sighting  at  the  backsight. 

(a)  Measure  the  angle  once  in  the  usual  manner,  note  the 
reading  (merely  as  a  check),  and  let  the  two  plates  remain 
damped  at  the  reading.  Backsight  again  and  measure  the 
angle  a  second  time  in  the  same  direction  as  before.  The 
reading  should  now  be  double  the  real  value  of  the  angle. 

(b)  Illustration,  ^ransit  at  C,  backsight  at  A.     Measure  ACB;    sup- 

.    .  ,^  back- 


pote  vernier  reads  30"  1'.     Allow  vernier  to  remain  clamped  at  SO**  1' 
Bight  at  A,  and  measure  the  angle  again.     The  vernier  will 
noir  read  60**  2',  which  divided  oy  2  gives  the  value  as  be- 


Bight  at  At  and  measure  the  angle  again.  The  vernier  will 
noir  read  60**  2',  which  divided  oy  2  gives  the  value  as  be- 
fore. 30*  1'.     But  suppose  instead  of  60®  2'  it  reads  60°  3'. 


< 


This  would  indicate  that  the  angle  is  30°  1'  30'^     But  if 

the  tranat  reads  to  minutes,  this  result  could  not  have  been 

(4>tained  froca  a  single  observation  without  estimating  the  .^ 

30".     By  letting  the  vernier  remain  at  60°  3'  and  measuring  ^B 

for  a  third  time,  if  the  reading  should  be  90°  4'  the  value        Fig.  138. 

would  be  30*  1'  23".     Thus  on  a  transit  reading  to  minutes 

twolts  may  be  obtained  to  30"  by  doubling  an  angle,  and  to  20"  by 

triidiiiigife. 
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(c)  Doubling  an  Ah^le  is  meftsurink*  ftn  angle  by  th6  above  method  twice 
beiore  reading,  trij^ling  thive  times,  quadrupling  four  times,  and  so  on. 
More  than  six  repetitions  are  seldom  used.  Of  course,  a  vernier  ma^  be  set 
at  random  to  start  with  instead  of  at  sero.  In  running  transit  lines, 
doubling  angles  may  be  used  merely  as  a  check. 

Cautions  Keep  ih  mind  the  rule.  Art.  119:  Backsight— lower:  fore- 
sight— upper.  In  repeating  an  angle,  turning  the  lower  tancent-screw 
when  foresighting,  or  the  upper  tangent-sore w  when  backsighting,  will 
make  it  necessary  to  start  all  over  again. 

(d)  Adding  multiples  of  360°.  In  repeating  angles  it  is  sometimes  neces- 
sary to  add  360*  or  720*  to  a  reading.  Firat  iUuatration,  In  doubling  an 
angle  of  200°  the  first  reading  is  200^,  the  second  reading  is  40°.  or  40  + 
360^400  and  400+2  =  200*.  Second  iUuatration.  An  angle  of  130*  ia 
septupled,  and  the  final  reading  is  60*.  or  60  +  360  +  360-780.  and  780-^ 
6  -=  130*.  The  indicator  on  the  vernier  has  moved  twice  around  the  grad- 
uated circle  and  60*  over. 

(e)  Measuring  deflection  angles  by  repetition.  This  involves 
the  method  of  double  reverse  (p.  92);  otherwise  it  does  not 
differ  from  the  method  just  explained. 

(1)  Measure  the  deflection  angle  in  the  usual  way. 

(2)  Keep  the  plates  clamped  at  the  reading  obtained  in  (1)^ 
loosen  the  lower  clamp,  and,  with  the  telescope  still  bottom  side 
up,  backsight  a  second  time  as  in  the  method  of  double  reverse. 

(3)  Plunge  (the  telescope  now  becomes  right  side  up),  and 
again  measure  the  deflection  angle,  dividing  the  final  reading 
by  two. 

In  addition  to  the  usual  advantages  of  doubling  an  angle 
this  method  eliminates  errors  in  adjustment  of  the  line  of 
collimation. 

139.  Measuring  Angles  by  Series.  This  method  may  be 
used  where  several  angles  have  a  common 
vertex.  Angles  are  measured  in  succession 
around  the  horizon,  and  the  set  "closed"  by 
sighting  on  the  first  backsight.  If  the  veiv 
nier  does  not  read  the  same  as  it  did  to  start 
with,  the  error  is  distributed  equally  between 
the  angles  irrespective  of  size. 

lUluatration. '  Transit  at  C,  Set  vernier  at  random,  say  20*.  Backsight 
on  A.     Vernier  reading  20*. 

SK"         ^'a'difg  Angle  Subtraction  Value 

B  140*21'  ACS  (140*21')-  20*    0')  120*21' 

D  160*32'  BCD  (160*  32')- (140*  21')  20*11' 

E  200*40'  DCS  (200*  40') -(160*  32')  40*    8' 

A  20*    1'  EC  A  (380*    1')- (200*  40')  179*21' 


360*01' 


Error-20*  l'-20*-l'  or  15"  to  be  subtracted  from  each  angle,  thus: 
120*  20'  45"  +  20*  10'  45"  +  40*  7'  45"  + 179*  20'  45"  =  360*  0'  0".  By  tak- 
ing angles  in  combination,  as,  for  examplei  ACDt  BCE,  and  ACE,  other 
equations  of  conditions  may  be  obtained. 
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140.  Additional  Precautions  in  Measuring  Angles.     In 

very  accurate  work,  when  me>\suring  angles  either  by  repe- 
tition or  by  series,  one  or  more  of  the  following  precautions 
may  be  taken  to  eliminate  error  due  to  lack  of  adjustment, 
eccentricity,  faulty  graduation,  and  other  instrumental  errors: 

1.  Read  both  (opposite)  verniers  each  time. 

2.  Take  angles  to  the  right,  then  to  the  left. 

3.  Take  angles  with  the  telescope  normal,  then  with  it  in- 
verted. 

4.  Shift  the  zero  of  the  vernier  along  the  limb  so  that  differ- 
ent portions  of  the  graduated  arc  may  be  used. 

Taking  angles  in  sets.  When  the  above  precautiona  are  used  it  is  neces- 
sarjr  to  take  the  angles  in  '  'sets/'  Each  set.  complete  in  itself,  gives  a 
value  of  the  angle,  and  the  final  value  is  found  either  by  taking  the  arith- 
metical mean,  or  by  adjusting  the  values  from  equations  of  conditions. 
The  latter  properly  belongs  to  higher  surveying.  In  Chapter  XVI,  on 
Triangidation,  more  explicit  directions  are  given  for  taking  angles  in  sets. 

14 K  Comparison  of  the  Two  Methods.  The  method  of 
repetition  is  to  be  preferred  for  the  measurement  of  a  single 
angle,  and  for  a  transit  with  coarsely  graduated  circle.  The 
method  by  series  is  used  in  triangulation  when  precise  in- 
struments with  finely  graduated  arcs  are  employed.  In  either 
method  the  precautions  of  Art.  140  will  theoretically  eliminate 
instrumental  error.  In  repeating  angles  the  number  of  sights 
is  doubled,  hence  the  chances  for  errors  in  sighting  and  clamp- 
ing are  doubled,  and  the  time  nearly  doubled.  Thus  this  method, 
perfect  in  theory,  is  not  so  superior  in  practice  as  at  first  ap- 
pears, and  the  limit  of  precision  is  ordinarily  reached  after  a 
few  repetitions. 

142.  To  Lay  Off  an  Angle  by  Repetition.  The  reverse  of 
measuring  an  angle  by  repetition. 

lUtiMtration.  Transit  at  C.  Backsight  at  A*  Required  to  lay  oflf  30* 
V  30^',  transit  reading  to  minutes. 

Backsight  at  A  with  vernier  set  at  0°. 

Foresight  by  setting  vernier  at  30**  1',  point  falls  at  B. 

Backsight  at  A,  vernier  still  at  SO**  V. 

Foresight  by  setting  vernier  at  60°  3',  point  falls  at  D. 

Required  point  is  at  E,  half-way  between  B  and  D. 

Note.  The  first  and  second  points,  B  and  D,  are  usually 
80  close  together  that  no  difficulty  is  experienced  in  getting 
the  half-way  point.     It  may  be  well,  however,  having  set  •■ 

the  final  point,  to  actually  measure  the  angle  by  repetition         Fio.  42, 
in  the  usual  way  as  a  check.     Precautions  corresponding 
to  thoee  of  Art.  140  can  be  taken  if  necessarj;. 

Deflection  angles  may  be  laid  off  in  a  similar  manner  by  reversing  the 
method  of  138  (e). 

143.  Reading  Bearings,  (a)  The  compass-box  on  a  transit 
18  attached  to  the  upper  plate,  and  when  the  telescope  is  turned 
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sidewise  the  compass-box  must  turn  with  it.  When  the  tele- 
scope is  right  side  up  the  letter  N.  is  directly  beneath  the  front 
end  of  the  telescope.  A  line  between  N.  and  S.  is  always  di- 
rectly beneath  the  axis  of  the  telescope  (or  line  of  sight)  no 
matter  in  what  direction  the  telescope  may  he  pointing.  When 
the  magnetic  needle  is  lowered  to  its  pivot  it  will  come  to  rest 
pointing  north,  and  if  the  telescope  is  also  pointed  to  the  mag- 
netic north,  the  north  end  of  the  needle  will  point  to  the  letter 


Fig.  143  (6), 


Fig.  143  (c). 


N.  (Fig.  143  (a)).  If,  however,  the  telescope  is  turned  in  some 
other  direction,  the  letters  N.,  E.,  S.^  and  W.  turn  with  it,  but 
the  needle  will  still  point  to  the  magnetic  north,  and  each  of 
its  ends  will  usually  rest  between  two  of  these  letters.  To 
read  the  bearing  of  a  line,  pay  no  attention  to  the  telescope 
except  to  see  whether  it  is  normal  or  inverted,  and  do  not  try 
to  think  beforehand  whether  the  bearing  is  going  to  be  N.E. 
or  S.E.,  S.W.  or  N.W.  If  the  telescope  is  right  side  up,  simply 
observe  between  which  two  letters  the  north  end  of  the  needle 
rests,  and  how  many  degrees  it  is  from  the  letter  N.  or  the 
letter  S.  as  the  case  may  be.  The  south  end  of  the  needle  is 
observed  instead  of  the  north  end  when  the  telescope  is  in- 
verted. The  north  end  of  the  needle  is  the  end  without  the  weight. 
On  most  transits  the  letters  E.  and  W.  are  interchanged,  the 
E.  being  on  the  left  and  the  W.  on  the  right.  The  reason  for 
this  wiU  appear  from  the  following  illustrations: 

(6)  lUuatration,  In  Fig.  143  (6)  suppose  the  telescope  to  be  pointing 
N.  30°  30'  E.  In  reading  the  bearing  the  north  end  of  the  needle  will  be 
found  between  the  letters  N.  and  E.  or  30°  30'  from  N.  towards  E.  If  W. 
had  been  on  the  left  in  place  of  E.,  as  one  might  naturally  expect  it  to 
be,  the  north  end  of  the  needle  would  fall  between  N.  and  W.,  which  might 
lead  to  the  mistake  of  calling  the  bearing  N.W.  instead  of  N.E. 

(c)  Illuatration.  In  Fig.  143  (c)  suppose  the  telescope  to  be  pointing 
S.  30°  15'  E.  The  north  end  of  the  needle  is  observed  to  be  30°  IS'  from 
S.  toward  E.,  as  it  should  be.  If  E.  and  W.  had  not  been  interchanged, 
it  would  have  fallen  between  S.  and  W. 
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In  transits  where  the  E.  and  W.  have  not  been  interchanged  one  must 
be  on  guard  against  the  mistake  illustrated  above  of  reading  east  for  west 
mviceveraa. 

(d)  Precautiona^  (1)  Never  read  a  bearing  from  E.  or  from  W.  The 
first  letter  is  alwasrs  N.  or  S.,  and  the  last  letter  is  always  E.  or  W. 

(2)  In  recording  a  bearing  do  not  omit  either  the  first  or  the  last  letter. 
Of  what  value  is  a  bearing  recorded  N.  40°,  or  one  recorded  35°  E.? 

(3)  In  some  transits  a  vernier  will  be  found  within  the  compass  circle, 
to  be  used,  when  desired,  for  setting  off  the  magnetic  declination,  so  that 
when  the  needle  points  to  N.  the  telescope  will  point  to  the  true  north  in- 
stead of  the  magnetic  north.  This  makes  it  possible  to  read  true  bearings 
instead  of  magnetic  bearings.  (See  Art.  154.)  Wfien  reading  magnetic 
bearingB  be  aure  that  this  vernier  ia  tet  ai  gero. 


CHAPTER  X 
ERRORS  IN  ANGULAR  MEASUREMENTS 

The  aim  in  this  chapter  is  to  discuss  the  relative  importance  of  the 
different  sources  of  error  in  angular  measurement,  to  suggest  limits  of  error 
and  to  point  out  how  the  limits  of  error  adopted  for  angular  measurement 
should  be  consistent  with  those  adopted  for  linear  measurement. 


144.  Sources  of  Error  in  Measuring  Angles. 

1.  Instrumental  errors.  (1)  Errors  of  adjustment,  and  (2)  errors 
from  defects  in  construction  which  cannot  be  ehminat^d*  by- 
adjustment,  such,  for  example,  as  eccentricity  in  the  gradua- 
tion on  the  limb.  (See  Part  III.)  Methods  of  eliminating  in- 
strumental errors  are  given  in  Art.  140,  p.  101. 

2.  Mistakes  in  manipulating  the  transit.  Sunmiarized  in  Art. 
130,  p.  96. 

3.  Mistakes  in  reading  angles.     Summarized  in  Art.  J. 32,  p.  97. 

4.  Errors  in  setting  up  the  transit.  (1)  Transit  not  centered 
over  the  station,  and  (2)  plates  out  of  level. 

5.  Errors  in  sighting.  Intersection  of  cross-hairs  not  exactly 
on  the  point  sighted  at. 

6.  Natural  sources  of  error.  Wind,  refraction,  temperature, 
obstacles. 

145.  Relative  Importance  of  Error.  In  linear  measure- 
ment the  magnitudes  of  the  errors  from  different  sources  are 
pretty  well  known,  but  in  angular  measurement  the  errors  are 
so  affected  by  varying  conditions  that  they  cannot  be  esti- 
mated in  advance.  Instrumental  errors,  mistakes  in  manipu- 
lating the  transit,  and  mistakes  in  reading  angles,  for  example, 
do  not  admit  of  much  theoretical  discussion.  In  ordinary 
surveying  such  errors  can  be  practically  eliminated,  and  then 
their  relative  importance  does  not  matter.  The  last  three  sources 
of  error  mentioned  in  the  preceding  article  may  be  briefly  treated. 

146.  Errors  in  Setting  up  the  Transit.    Contrary  to  the 

104 
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general  impression  the  error  due  to  the  plumb-bob  being  off 
the  station  is  not  so  important  as  the  error  due  to  the  plates 
being  out  of  level.  This  is  especially  true  in  hilly  groimd  where 
the  telescope  may  be  pointed  up  for  one  sight  and  down  for 
another.  It  is  to  be  remembered  also  that  in  measuring  an 
angle  the  error  from  either  source  is  greater  for  short  sights 
than  for  long  sights,  while  in  laying  off  an  angle  the  reverse  i& 
true.  It  does  not  take  much  if  any  longer  for  a  good  transit- 
man  to  so  set  up  his  instrument  that  in  ordinary  work  the  erroi 
from  either  source  is  inappreciable.  Although  the  plumb-bob 
may  be  as  much  as  i  inch  off  the  station,  the  resulting  error 
will  probably  not  exceed  one  minute  for  100-ft.  sights,  while 
for  1000-ft.  sights  it  will  be  a  small  fraction  of  a  minute.  As 
the  plumb-bob  can  be  brought  to  within  J"  of  the  point  with- 
out special  effort  and  still  closer  if  desired,  it  is  seen  that  the 
importance  of  this  source  of  error  may  be  easily  overestimated. 
If  the  limb  is  6"  in  diameter  and  one  edge  is  ^  "  lower  than  the 
other,  a  maximum  error  of  one  minute  of  arc  might  result.  A 
difference  of  i"  in  level  might  cause  a  maximum  error  of  from 
six  to  seven  minutes,  but  such  a  difference  in  level  would  be 
apparent  to  the  eye. 

147.  Errors  in  Sighting,  (a)  The  practical  question  here 
is:  How  much  error  is  caused  by  not  sighting  exactly  on  a 
point?  Suppose  that  in  measuring  an  angle  a  line  of  sight  which 
should  strike  a  given  point  passes  a  short  distance,  say  one 
inch,  to  one  side  of  that  point.  The  nearer  the  given  point 
is  to  the  transit  the  greater  the  angular  error  caused  by  this 
departure  of  one  inch.  On  the  other  hand,  suppose  that  a 
small  error,  say  of  one  minute,  is  made  in  laying  off  an  angle. 
The  line  of  sight  will  depart  farther  and  farther  from  the  true 
line  as  the  distance  from  the  transit  becomes  greater  and  greater. 
Some  idea  of  the  magnitude  of  errors  from  these  two  sources 
may  be  gained  from  the  following  approximate  values: 

Deviation  for  error 
ol  one  minute 

0.03  ft.  or    i  in. 

0.09  ft.  or    1  in. 

0.15  ft.  or  1}  in. 

0.30  ft.  or  3f  in. 

0.45  ft.  or  5f  in. 

1.50  ft.  or  X8  in* 


Lmtth  of  sight 
in  feet 

Angular  error  for 
one  inch  or  0.08  ft. 

100 

3  min. 

300 

1  min. 

500 

}  min.  or  30  sec. 

1000 

J  min.  or  15  sec. 

1500 

I  min.  or  10  sec. 

5000 

7J^  min.  or  3  sec. 
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(6)  Note.  It  is  well  to  fix  two  or  three  of  these  values  in  mind.  For 
example,  a  point  an  inch  out  of  Une  at  100  ft.  from  the  transit  causes  an 
error  of  about  3'.  This  error  varies  very  nearly  inversely  as  the  distance 
of  the  point  from  the  transit,  so  that  one  minute  corresponds  approximately 
to  one  inch  300  ft.  from  the  transit.  Again,  an  error  of  1'  ot  arc  brings  a 
point  0.3  ft.  out  of  line  1000  ft.  from  the  transit.  This  error  varies  directly 
as  the  distance  of  the  point  from  the  transit,  so  that  at  500  ft.  the  error 
is  half  as  much,  or  0.15  ft. 

(c)  Illu8tration.  A  rod  is  held  so  that  the  top  is  one  inch  out  of  plumb. 
It  is  100  ft.  from  the  transit.  Sighting  at  the  top  results  in  an  angular 
error  of  3'.  Hence  the  importance  of  sighting  at  the  bottom  of  the  rod  or, 
when  this  is  impossible,  of  holding  the  rod  plumb.  The  nearer  the  rod  is 
to  the  transit  the  more  need  there  is  for  accurate  sighting. 

(d)  Illiiatration.  The  following  illustration  shows, how  much  more  im- 
portant it  is  to  hold  the  rod  plumb  than  it  is  to  split  it  exactly  with  the 
vertical  hair;  incidentally  it  emphasizes  also  the  importance  of  sitting 
at  the  bottom  of  a  rod  when  it  is  possible  to  do  so. 

If  a  rod  one  inch  in  diameter  is  held  on  a  point  300  ft.  from  the  transit, 
the  maximum  error  due  to  the  vertical  hair  not  splitting  the  rod  will  not 
exceed  half  a  minute  of  arc,  provided  the  hair  covers  the  rod  at  all.  On 
the  other  hand,  in  sighting  at  the  top  of  a  rod  which  is,  say,  two  inches 
out  of  plumb,  the  error  will  be  four  times  as  great,  or  two  mmutes.  It  is 
evident  that  it  is  easier  to  bring  the  vertical  hair  on  the  rod  than  it  is  to 
hold  the  latter  plumb.  Moreover,  when  all  but  the  ui^per  foot  or  two  of 
a  rod  is  invisible  from  the  transit,  the  top  may  be  considerably  more  than 
two  inches  out  of  plimib  with  a  corresponding  increase  in  error. 

148.  Natural  Sources  of  Error.  A  high  wind,  a  hazy  at- 
mosphere, the  sun  shining  on  the  instrument,  and  other  natural 
sources  of  error  often  render  accurate  work  with  the  transit 
very  difficult.  For  work  of  great  precision  atmospheric  con- 
ditions are  usually  most  favorable  directly  after  sunrise. 

149.  Elimination  of  Errors.  Mistakes.  Keep  in  mind  the 
"danger-points"  where  mistakes  are  likely  to  be  made  in  read- 
ing angles.  (Art.  132,  p.  97).  Form  the  habit  of  estimating 
angles  by  eye  as  a  rough  check  (p.  95).  Make  use  of  other 
checks  whenever  possible,  such  as  the  check  by  the  magnetic 
needle  or  by  doubling  the  angle.  Be  sure  that  the  line  of  sight 
is  directed  at  the  point  which  is  supposed  to  be  taken;  do  not 
get  stations  confused,  and  when  it  becomes  necessary  to  sight 
at  the  top  of  a  rod  make  sure  that  it  is  plumb. 

Constant  errors.  One  of  the  reasons  why  the  measurement  of 
angles  is  so  satisfactory  is  that  constant  errors  may  be  largely 
eliminated  by  taking  observations  in  pairs.  Thus,  for  example, 
plunging  the  telescope  between  two  observations  eliminates 
instrumental  errors,  and  reading  both  verniers  eliminates  eccen- 
tricity of  graduation.  Other  precautions  are  given  in  Art.  140, 
p.  101,  and  an  illustration  of  the  method  of  procedure  when 
it  is  desired  to  measure  angles  with  high  precision  is  given  in 
Chapter  XVI,  Triangulation. 

Accidental  errors  are  eliminated  by  adjusting  values  of  angles, 
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by  taking  the  mean  of  several  observations  and  by  distri  bating 
the  total  error  when  several  angles  are  related  by  some  fixed 
condition  (Art.  24  (6),  p.  14). 

150.  The  Precision  of  Angular  Measurements  may  be 
judged  in  one  of  two  ways:  (1)  By  comparing  the  results  of 
several  independent  measurements  of  the  same  angle,  and  (2) 
by  observing  how  closely  the  values  of  different  but  related  angles 
fulfill  known  conditions. 

(a)  First  method.  In  ordinary  work  if  an  angle  is  important 
enough  to  check  at  all,  it  is  usually  doubled.  (Method  of 
repetition,  p.  99.)  In  more  important  work  an  angle  may  be 
measured  a  number  of  times  and  the  precision  will  then  be 
indicated  by  the  probable  error  (pp.  15-19).  The  more  com- 
pletely the  assumptions  of  least  squares  (p.  15)  are  fulfilled 
the  more  nearly  will  th<5  probable  error  represent  the  true  error 
(p.  17,  Art.  27  (a)). 

(6)  Second  method.  When  the  angles  of  a  polygon  are  meas- 
ured the  true  error  of  their  sum  is  known  (p.  119),  but  not  the 
error  of  any  one  angle.  The  same  is  true  of  several  angles 
having  vertices  at  a  common  point,  when,  as  in  Fig.  139  (p.  100), 
their  sum  should  equal  360°.  When,  however,  the  sum  of  two 
or  more  angles  should  equal  a  measured  angle  the  discrepancy 
between  the  sum  and  the  measured  angle  is  not  an  error  in  the 
true  sense  of  the  word,  but  simply  the  difference  between  two 
quantities  both  of  which  contain  an  error  (see  p.  14).  In 
all  three  cases  errors  in  one  angle  may  be  compensated  by 
errors  in  another  angle,  so  that  the  error  of  the  sum  does  not 
represent  the  actual  precision  of  the  work. 

(c)  Illustration.  The  three  angles  of  a  triangle  often  add  up  exactly  to 
180*  when  measured  with  a  transit  reading  to  minutes.  This  does  not- 
mean  that  no  error  has  been  made,  but  that  the  errors  are  exactly  com- 
pensatinj;.  It  is  not  likely  that  any  one  of  the  three  angles  can  be  ex- 
pressed in  even  minutes.  If,  therefore,  they  are  measured  with  a  finely 
graduated  transit  reading  to  10",  their  sum  is  less  likely  to  add  up  to  180° 
than  if  a  transit  reading  to  minutes  is  used,  although  the  precision  with 
which  each  angle  is  measured  may  be  much  greater.  Thus,  for  example, 
three  angles  were  measured  with  the  following  results  : 

Transit  reading  Transit  reading 

to  1  minute  to  10  seconds 

1 68«»  10'  68°    y  40" 

2 79°  40*  79°  40'  25" 

3 32°  10'  32°    9'  40" 

180°    0'  179°  69'  45" 

The  error  of  the  sum  in  the  second  set  is  15",  yet  the  precision  for  each 
an^  is  probably  much  greater  than  in  the  first  set  where  the  error  of  the 
sum  ia  lero.    In  a  similar  manner  the  angles  of  a  triangle  as  determined 
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by  reading  a  compass  to  the  nearest  15'  will  often  add  up  180^,  while  the 
same  angles  measured  with  a  transit  fail  to  do  so,  yet  the  precision  of  the 
work  done  with  the  transit  is  probably  far  greater. 

151.  Conditions  which  Affect  the  Precision  of  Angular 
Measurements  in  addition  to  the  sources  of  error  already 
treated  are: 

(1)  InstrumerU  used.  How  well  made;  how  finely  gradu- 
ated; power  of  telescope,  sensitiveness  of  leveb,  and  rigidity 
of  tripod. 

(2)  Local  conditions.  Conditions  affecting  the  setting  up 
and  the  stability  of  the  transit.  Time  allowed  for  completion 
of  the  work. 

(3)  Atmospheric  conditions.  Wind,  haziness,  temperature,  and 
refraction. 

(4)  Method  used  in  measuring  the  angle. 

152.  Customary  Limits  of  Error,  (a)  Varying  condi- 
tions render  it  difficult  to  state  what  constitutes  good  work, 
with  the  transit.  Moreover,  as  already  pointed  out  on  p.  44, 
the  limits  of  error  are  largely  governed  by  the  purpose  of  a 
survey,  and  even  in  the  same  survey  angles  are  not  all  meas- 
ured with  the  same  precision.  Suppos3,  however,  a  limit  of 
error  has  been  fixed  for  chaining  and  it  is  desired  that  the 
precision  of  angular  measurement  shall  correspond.  The  ques- 
tion at  once  arises:  What  is  the  largest  permissible  error  for 
each  angle?  In  the  following  table'  the  errors  in  feet  caused 
by  different  angular  errors  are  given  for  five  lengths  of  sights. 


VIZ.,  n 

Error 

100 

;  iir.,  lyjKjKj 
500 

it.,    J.UUU 

1000 

It.,  £uiu  a 
1600 

uiA/  It.; 
5000 

Ratio 

r 

0.0291 

0.1454 

0.2909 

0.4363 

1.4544 

1 
3440 

30" 

0.0145 

0.0727 

0.1454 

0.2182 

0.7272 

1 
6880 

20" 

0.0097 

0.0485 

0.0970 

0.1454 

0.4848 

1 

10300 

10" 

0.0048 

0.0242 

0.0485 

0.0727 

0.2424 

1 
20600 

6" 

0.0029 

0.0145 

0.0291 

0.0436 

0.1454 

1 

34400 

4" 

0.0019 

0.0097 

0.0194 

0.0291 

0.0970 

1 

51600 

2" 

0.0010 
04ft=t 

0.0048 

0.0097 

0.0145 

0.0485 
0.0417  ft. 

1 

103100 

0.01 

in.          0.0208  ft.  = 

=  iin. 

«Jin. 

0.0833  ft. -1 

in.          0.2600  ft. - 

>3in. 

0.4167  it 

—  6in. 
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This  table  has  two  uses:  (1)  It  gives  the  pennissible  angular 
error  for  a  given  ratio  of  precision;  (2)  it  gives  an  idea  of  the 
error  in  feet  at  different  distances  from  the  transit  caused  by 
a  given  error  in  minutes  or  seconds, 

(6)  Permissible  angular  error.  The  ordinary  transit  reads 
to  minutes.  If  an  error  in  an  angle  does  not  exceed  one  minute, 
the  ratio  of  precision  is  about  j^Vv*  ^^  ^^  ^^^  difficult  to  keep 
within  this  limit  in  chaining,  and  in  a  large  part  of  the  sur- 
veyor's work  greater  precision  is  not  required.  A  ratio  of  ^j^ 
is  classed  as  fair  work  for  measurements  with  a  steel  tape 
(p.  49).  To  come  within  this  limit  angles  should  be  read 
to  3(K'  (see  table),  and  this  can  easily  be  done  with  a  transit 
reading  to  minutes  (p.  78).  For  a  precision  of  rshjns  ^^®  angles 
should  be  read  to  20",  therefore  a  transit  graduated  to  20" 
is  preferable.  For  the  higher  limits  of  jjj^,  ^jihff,  and  j^j^fpoji 
it  is  seen  that  angles  must  be  read  to  6",  4",  and  2"  respect- 
ively. This  requires  the  use  of  accurate  instruments,  finely 
graduated,  with  corresponding  precautions  in  sighting  and 
manipulation.  Moreover,  a  nimiber  of  independent  measure- 
ments of  each  angle  must  be  taken  (either  by  repetition  or  by 
series,  see  pp.  99,  100),  from  which  the  probable  value  of  the 
angle  may  be  deduced. 

It  is  evident  that  in  any  given  survey  the  limit  of  error  for 
angles  and  the  limit  of  error  for  linear  measurements  should 
be  consistent.  This  is  too  frequently  overlooked,  one  limit 
being  set  for  chaining,  another  for  transit  work.  An  exception 
to  be  noted  is  in.  rough  chaining  when  corresponding  angular 
measurements  can  be  made  with  greater  precision  than  the 
linear  measurements  without  special  effort  or  loss  of  time. 

(c)  The  permissible  error  in  the  position  of  a  point,  if  kept  in 
mind,  will  often  save  unnecessary  refinement  in  measuring 
angles  in  certain  classes  of  work,  while  in  other  work  it  will 
emphasize  the  necessity  for  accurate  measurements.  This  is 
shown  in  the  following  illustrations. 

{d)  IllustrcUion.  In  a  topographic  survey  it  is  sufficient  to  locate  con- 
tour points  within,  say,  a  foot  or  two.  The  longest  sight  is,  say,  400  ft. 
From  the  table  the  error  for  1'  for  a  100-ft.  sight  is  0.029  ft.,  hence  for 
400  ft.  it  is  about  0.12  ft.  To  come  within  1.5  ft.  the  angular  error  must 
not  exceed  1.5+0.12  — 12  minutes.  For  sights  less  than  400  ft.  the  per- 
missible error  is  still  greater.  As  limb  readings  can  easily  be  estimated 
to  within  10',  this  means  that  for  400-ft.  sights,  or  less,  it  is  not  necessary 
to  consult  the  vernier — an  obvious  saving  of  time. 

(«)  lUuttration,  A  certain  point  about  500  ft.  from  the  transit  must 
be  looated  within  i''.    From  the  table,  i"  (or  0.0208  ft.)  for  600  ft.  coi^ 
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responds  to  an  error  of  a  little  less  than  10".    This  is  the  maximum  per* 
missible  angular  error. 

(/)  Error  in  the  sum  of  angles.  Since  errors  in  angular  measure- 
ments are  largely  compensating,  when  several  angles  are  added 
together  the  total  error  of  their  sum  may  be  expected  to  vary 
about  as  the  square  root  of  the  number  of  angles.  Limits  of 
error  may  be  indicated  as  in  chaining  (p.  45);  thus  22,=  rV'i\r, 
where  22«  is  the  total  error  of  the  sum,  r  the  permissible  error 
for  one  angle,  and  N  the  number  of  angles  either  in  a  polygon 
or  about  a  point.  From  the  following  table  the  value  of  Rf 
in  seconds  can  be  obtained  for  different  values  of  r  and  N: 

Permissible  errors  in  the  sums  of  angles  for  differerU  values  of  r 
N        r=W  r=30"  r=20"  r-10"  r=6''     r=4"     r=2" 

3  104"       52"        35"        17"        10"    .     7"       3.5" 

4  120"  60"  40"  20"  12"  8"  4" 
6  147"  73"  49"  24"  15"  10"  6" 
9          180"       90"        60"        30"         18"        12"        6" 

12  208"     104"        69"        35"        21".        14"        7" 

16  240"     120"        80"        40"        24"         16"        8" 

In  ordinary  work  the  value  of  r  may  be  taken  as  30"  (see  p.  109). 
The  error  which  may  be  expected  in  the  sum  of  the  angles 
of  a  triangle  is  52",  or  about  a  minute.  For  a  four-sided  poly- 
goi^  the  table  gives  exactly  a  minute,  while  for  one  of  sixteen 
sides  it  is  two  minutes.  Of  course  these  values  are  not  ab- 
solute,— they  are  for  guidance  only.  In  selecting  the  value  of 
r  the  correlation  of  angular  and  linear  measurements  already 
discussed  should  be  kept  in  mind.  The  tendency  is  to  measure 
angles  with  unnecessary  accuracy,  and  to  neglect  important 
sources  of  error  in  linear  measurements. 


CHAPTER  XI 
BEARINGS  AND  AZIMUTHS 

Bearing  and  atimuth  mean  so  nearlv  the  same  thing  in  surveying  that 
the  two  tenns  are  often  confused.  Each  is  used  to  designate  the  angle 
which  a  line  makes  with  a  north  and  south  meridian,  but  there  is  an  im- 
portant^ distinction  as  to  how  this  angle  is  measured.  The  distinction  is 
made  clear  in  this  chapter,  as  is  also  the  distinction  between  forward  bear- 
ing and  hcuik  blearing,  and  between  forward  azimuth  and  hack  azimuth. 

F'or  the  method  of  calculating  the  bearing  of  one  line  from  the  bearing 
61  another  line  when  the  angle  oetween  the  two  is  known  see  chapter  on 
Calculation  of  Bearings,  Part  II.  For  properties  of  the  magnetic  needle 
consult  Part  III.  For  the  method  of  surveying  with  the  compass  see  the 
chapter  on  Compaee  Surveying, 


153.  Magnetic  Declination.  In  F&rt  III  it  is  explained 
that— 

1.  Except  in  a  few  localities  the  magnetic  needle  does  not 
point  to  the  true  north,  but  to  a  magnetic  north.  The  angle 
between  a  true  north-and-south  line  and  a  magnetic  north- 
and-south  line  as  observed  at  any  place  is  the  magnetic  decli- 
nation for  that  place. 

2.  The  magnetic  declination  differs  for  different  places,  and 
varies  slightly  from  year  to  year  in  the  same  place. 

3.  The  agonic  line  is  a  line  passing  through  places  where  the 
declination  is  zero.  In  the  United  States  it  passes  through  the 
central  part  of  South  Carolina,  Ohio,  and  Michigan. 

4.  For  places  ea^t  of  this  line  the  declination  is  west,  and  for 
places  west  of  it  the  declination  is  east.  This  fact  helps  the 
memory  in  deciding  whether  the  declination  for  any  place  is 
east  or  west. 

5.  Local  attraction  is  a  term  used  to  denote  any  influence 
which  prevents  the  needle  from  pointing  to  the  magnetic  north 
in  a  given  locality. 

154.  The  Bearing  of  a  Line.  If  a  north-and-south  line 
passes  through  one  end  of  a  given  line,  two  supplementary 
angles  are  formed;  the  sm^Uer  of  these  two  angles  is  the  bearing 
of  the  ^veu  UnQ,    Bearings  ar^  always  m^a^ur^d  from  the  north 

in 
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FiQ.  154. 
True  hearing. 


point  or  the  south  point  so  many  degrees  east  or  west,  never 
from  the  east  point  or  the  west  point  so 
many  degrees  north  or  south. 

Illu8tration.  In  Fig.  154  the  four  possible  direc- 
tions in  which  bearings  are  measured  are  indicated 
by  the  arrows.  Thus  the  bearing  of  CA  is  N.  30** 
E.J  not  E.  60**  N. ;  of  CB,  S.  60°  E.,  not  E.  30*»  S. ;  of 
E  Cf),  S.**  70*  W..  not  W.  20°  S. ;  of  CF,  N.  40°  W.,  not 
W.  50°  N. 

'"B  By  definition  a  bearing  can  never  exceed 
90°.  For  example,  a  line  120°  from  north 
measured  clockwise  is  not  N.  120°  E.,  but 
S.  60°  E. 

The  bearing  of  a  line  with  respect  to  a  true 
north  and  south  meridian. 

Magnetic  bearing.  The  bearing  of  a  line  with  respect  to  a 
magnetic  north-and-south  meridian.  This  is  the  bearing  that 
is  read  from  a  compass  (unless  the  declination  arc  has  been 
turned  off),  and  differs  from  the  true  bearing  at  any  place 
by  the  amount  of  the  magnetic  declination  at  that  place. 

Question,  Why  will  the  true  bearing  of  a  line  change  if  the  line  is  pro* 
onged  far  enough  with  the  transit? 

155.  Forward  Bearing  and  Back  Bearing.  Every  line 
of  definite  length  has  two  bearings,  one  for  each  end  of  the  line. 
If  the  bearing  of  any  line  from  one  end  is  N.E.,  from  the  other 
end  it  will  be  S.W.  and  vice  versa;  likewise  if  from  one  end  of 
a  line  the  bearing  is  N.W., 
from  the  other  end  it  must 
be  S.E.  This  is  an  import- 
ant distinction  because  it  in- 
dicates direction  northerly  or 
southerly.  Thus,  for  exam- 
ple, if  the  bearing  of  a  line 
AB  (Fig.  155)  is  given  indis- 
criminately as  either  S.  30°  E. 
or  N.  30°  W.,  one  cannot  tell 
whether  B  is  southeast  or 
northwest  of  A,  but  if  from 
AtoB  (AB)  it  is  S.  30°  E.  Fig.  155. 

and  from  B  to  A  (BA)  it  is  N.  30°  W.,  all  doubt  is  removed. 
The  forward  hearing  of  a  line  is  the  bearing  in  the  direction 
in  which  the  survey  is  being  run,  while  the  back  bearing  is  that 
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in  the  opposite  direction.     The   two  bearings  of  a  line   are 
numerically  equal  but  with  opposite  letters. 

JUu9trcUion.  In  Fig.  165,  if  the  survey  is  made  from  A  to  B  to  C  to 
D  to  A,  the  bearings  as  given  on  the  figure  are  all  forward  bearings,  but  if 
the  survey  is  maae  from  A  to  D  to  (7  to  B  to  A,  the  bearings  as  given 
are  back  bearings.  Assuming  the  stations  to  have  been  occupied  in  the 
order  A  BCD,  the  bearing  of  AB  is  S.  30°  E.,  or  back  bearing  is  N.  30** 
W.;  BC  is  N.  60*  E.,  or  back  bearing  is  S.  60**  W.;  CD  is  N.  45'*  W., 
or  back  bearinp^  is  S.  45°  E.;  DA  is  S.  60°  W.,  or  back  bearing  is  N.  50°  E. 

Note.  In  this  book  when  referring  to  the  bearing  of  any  line,  that  end 
<rf  the  line  at  which  the  bearing  was  read  will  be  given  first.  Thus  if 
the  bearing  of  a  line  AS  read  at  A  is  S.  30°  E.,  then  AB  =  S.  30°  E. 
and  BA  —  N.  30°  W.,  i.e.,  the  bearing  of  BA  is  the  back  bearing  of  AB. 

156.  Reading  Bearings.  The  method  of  reading  the  needle 
in  a  compass  is  explained  on  page  102. 

157.  The  Bearings  Kept  in  a  Survey  are  usually  all  for- 
ward bearings.  It  will  not  do  to  record  forw^ard  bearings  and 
back  bearings  indiscriminately.  While  it  is  true  that  one  can 
always  determine  from  the  needle  whether  the  forward  bearing 
is  N.  or  S.,  nevertheless  one  can  usually  do  this  without  con- 
sulting the  needle,  since  after  working  in  any  locaUty  a  short 
time  the  compass-points  are  well  fixed  in  mind. 

Note.  When  puzzled  in  the  field  as  to  whether  the  first  letter  or  bearing 
is  N.  or  S.,  imagme  yourself  walking  along  the  line  in  the  directum  in  whim 
the  nurvey  is  being  made,  and  note  whether  you  are  going  in  a  northerly  or 
southerly  direction ;  if  the  line  should  happen  to  be  so  nearly  east  and 
west  that  you  cannot  tell,  then  ask  yourself  if  you  are  going  easterly  or 
westerly.  If,  for  example,  you  know  that  the  bearing  of  a  une  must  be 
either  N.E.  or  S.W.,  you  can  usually  determine  in  this  way  which  of  the 
two  is  the  forward  bearing. 

158.  Calculated  Bearing  is  the  bearing  of  one  line  found 
by  calculation  from  the  bearing  of  another  line,  taking  into 
account  the  horizontal  angle  formed  by  the  two  hnes. 

Note,  The  way  in  whi«h  calculated  bearings  are  used  in 
transit  surveying  is  explained  in  the  next  chapter.  The  method 
of  calculating  bearings  is  given  in  the  chapter  on  the  Calcula- 
lion  of  Bearings,  Part  II. 

159.  Things  to  Remember  about  Bearings — Summary. 

1.  The  magnetic  bearing  differs  from  the  true  bearing  by  the 
amount  of  local  magnetic  dechnation. 

2.  Bearings  are  reckoned  from  either  the  north  or  the  south 
points,  never  from  the  east  or  west. 

3.  Every  bearing  must  be  given  by  two  letters.  The  first 
must  be  either  N.  or  S.,  the  second  either  E.  or  W.  The  omis- 
sion of  either  letter  renders  the  bearing  of  no  value. 

4.  No  bearing  is  over  90**. 
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5.  Every  line  has  two  bearings,  forward  and  back,  equal 
numerically  but  with  opposite  letters. 

6.  The  order  in  which  the  two  ends  of  a  line  are  given  should 
indicate  from  which  end  a  corresponding  bearing  is  taken. 

160.  The  Azimuth  of  a  Line  is  the  angle  which  that  line 
makes  with  a  north-^ndsoiUh  line  as  a  reference-line.  Azi- 
muths are  measured  clockwise  from  the  north  as  a  starting- 
point.  Azimuth  differs  from  hearing  in  that  it  is  measured  in 
one  direction  only  (clockwise)  and  from  but  one  point  of  the 
compass  (N.).  A  line  the  azimuth  of  which  is  anywhere  be- 
tween 0**  and  90°  is  in  the  N.E.  quadrant;  between  90°  and  180** 
in  the  S.E.  quadrant;  between  180°  and  270°  in  the  S.W.  quad- 
rant; between  270°  and  360°  in  the  N.W.  quadrant.  Thus  in 
speaking  of,  or  recording,  azimuths,  the  compass-points  N.,K.,- 
S.,  and  W.,  are  not  used,  the  magnitude  of  the  azimuth  alone 
indicating  the  direction  of  the  line — a  decided  advantage. 

(a)  lUvstratitm.  A  transit  standing  at  T,  Fig.  160  (a), 
is  pointed  at  A.  The  angle  NT  A  measured  clockwiae  is 
310*',  and  if  NT  is  a  north-and-south  line,  the  azimuth  of 
TA  is  310*.  If  the  bearing  of  TA  is  required,  it  must  be 
from  the  azimuth,  360- 310  =  N.  SO*'  W. 

(6)  The  meaning  of  the  term  azimuth  as  given 
above  is  a  restricted  one,  but  it  is  the  one  to  be 
everywhere  understood  in  this  book  unless  other- 
wise specified.  Many  surveyors  measure  azimuths 
from  the  south  as  a  starting-point,  in  which  case 
the  azimuth  of  TA,  Fig,  160  (a),  would  be  130°  instead  of  310°. 

Note.  The  chief  advantage  in  measiuing  azimuths  from  the  north  in* 
stead  of  from  the  south  lies  in  the  fact  that  by  so  doing  the  algebraic  signs 
will  accord  with  the  directions  to  which  the  student  is  accustomed  in 
trigonometrical  computations.     (See  chapter  on  Latitudea  and  Depaiturea, ) 

(c)  A  general  definition  of  azimuth.  The  angle  (measured 
clockwise)  which  a  line  makes  with  any  reference-line.  For  ex- 
ample, in  Fig.  160  (c),  let  BC  be  any  line  of  reference 
not  a  N.  and  S.  line.  The  azimuth  of  TA  with  respect 
to  BC  will  be  BTA  if  B  is  the  end  chosen  as  a 
starting-point,  or  CTA  if  C  is  the  end  from  which 
azimuths  are  reckoned.  For  example,  in  any  sur- 
vey the  first  transit  line  may  be  used  as  a  reference- 
Une  for  all  the  other  transit  lines  if  so  desired. 
The  usual  method,  however,  is  to  assume  the  mag- 
netic north-and-south  Une  as  a  reference-line,  so  that  the  azi- 
muth of  any  line  can  be  checked  by  the  compass-needle. 


Fig.  160  (a). 


Fig.  160  (c). 
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Fig.  160  (d). 


(d)  Back  azimvih.  Every  line  of  definite  length  has  two  azi- 
muths, one  for  each  end  of  the  line. 
Thus  in  Fig.  160  (d),  if  the  azimuth  of 
AB  is  taken  at  A  it  is  40^,  but  if  taken  at 
B  it  is  220**.  If  the  survey  is  being  made 
in  the  general  direction  from  A  to  5, 
then  40°  is  the  azimuth  and  220**  the  back 
azimuth. 

The  hack  azimuth  of  a  line  is  the  azi- 
muth of  that  line  measured  at  its  forward 
md.  Since  azimuths  are  measured  always 
in  one  direction  (clockwise),  the  back  azimuth  is  always  equal 
to  the  azimvih  plus  180P.  If  this  sum  is  more  than  360^,  sub- 
tract 360*. 

161.  Facts  to  Remember  about  Azimuths. 

(1)  Bearings  are  measured  from  either  N.  or  S.,  but  azimuths 
we  from  N.  only  (or  from  S.  only). 

(2)  Bearings  are  measured  either  right  or  left,  while  azi- 
nvihs  are  always  measured  to  the  right  (clockwise). 

(3)  Bearings  are  never  over  90®,  but  azimuths  are  from  0® 
to360**. 

(4)  In  recording  a  bearing,  two  letters  (compass-points)  are 
required,  but  in  recording  azimuths  no  letters  are  used. 

(5)  The  back  azimuth  is  equal  to  the  forward  azimuth  plus 
180®  and  vice  versa. 

(6)  If  desired,  any  line  of  reference  may  be  used  in  place  of 
aN.  and  S.  line,  but  the  magnetic  N.  and  S.  line  is  usually  the 
most  convenient  because  of  the  check  afforded  by  the  needle. 

P)  The  term  azimuth  does  away  with  all  ambiguity  as  to 
fetion,  but  since  custom  differs  it  should  be  plainly  stated 
^  the  notes  of  a  survey,  once  for  all,  whether  azimuths  are 
°»»sured  from  N.  or  from  S. 


CHAPTER  XII 

METHODS  OF  RUNNING  TRANSIT  LINES  AND  TRAVERBES 

In  this  chapter  four  methods  of  running  transit  lines  are  explained.  Tlie 
theory  of  each  method  is  «ven  without  entering  upon  the  practical  details 
of  the  field  work.  (See  Chapter  XIV  for  fbcld  work.)  In  order  that  the 
different  methods  may  be  compared,  the  advantages  and  disadvantages  of 
each  method  are  stated. 


162.  Transit  Station.  The  point  over  which  the  transit 
stands  when  in  use.  (Usually  a  stake  with  a  tack  in  it  to  mark 
the  exact  point.) 

163.  Transit  Line.  An  imaginary  straight  line  between  two 
transit  stations. 

164.  Transit  Angle.  Any  angle  measured  with  a  transit.  It 
must,  from  the  way  in  which  the  transit  is  constructed,  be  either 
a  horizontal  angle  or  a  vertical  angle.  (See  chapter  on  The  Tran- 
sit, Part  III.)  Unless  otherwise  specified  it  is  usually  under- 
stood to  be  a  horizontal  angle. 

165.  The  Transit  Line  a  Line  of  Reference.  Transit  sta- 
tions are  so  chosen  by  the  surveyor  that  the  lines  between  them 
may  be  used  as  reference-lines,  by  which  and  from  which  bound- 
aries, buildings,  streets,  or  whatever  he  may  wish  to  survey  are 
located.  Methods  of  locating  details  of  a  survey  such  as  these 
are  given  in  the  next  chapter. 

Transit  lines,  as  a  rule,  will  not  be  inked  in  on  the  finished 
map,  and  should  be  regarded  merely  as  a  means  to  an  end. 

166.  Running  Transit-lines.  A  term  for  establishing  tran- 
sit stations  and  locating  these  stations  with  respect  to  each 
other.  The  work  usually  consists  in  chaining  distances  between 
successive  transit  stations  and  in  measuring  the  angle  which 
each  transit  line  makes  with  some  other  transit  line,  or  with 
some  reference  meridian. 

Note.  The  field  work  of  a  survey  may  be  divided  into  two  parts :  (1 )  nin- 
ning  transit  lines,  and  (2)  locating  details  from  those  transit  lines.  This 
chapter  has  to  do  with  the  first  part  only. 
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167.  Transit-line  Angle.  The  horizontal  angle  between  any 
two  transit  lines  that  meet  at  a  transit  station.  It  may  be 
either  the  larger  or  smaller  angle  and  each  of  these  angles  may 
be  measured  clockwise  or  counter-clockwise;  in  practice,  there^ 
fore,  it  is  not  enough  to  note  the  value  of  an  angle,  bv^,  the  backsight 
and  direction  in  which  the  angle  is  measured  must  be  noted  also. 

lUuabration.  In  Fig.  167  let  A,  T,  and  B  represent  the  earrect  location  of 
three  transit  stations,  th^  transit  standing  at  3*.  Suppose  the  notes  give 
the  an^e  ATB  as  45°  from  a  backsight  on 
A,  but  it  is  not  stated  whether  the  angle  is 
measured  to  the  right  or  to  the  left.  If  the 
dntftsman  assumes  that  it  was  taken  to  the 
left,  plotting  45**  he  will  get  a  line  TC  instead 
of  the  line  TB. 

Again,  suppose  that  the  notes  say  that  the 
an^  of  45**  was  taken  to  the  right,  but  it 
is  not  stated  whether  ^  or  £  is  the  backsight. 
Should  the  draftsman  assume  that  B  was  the 
backsight,  plotting  45°  to  the  right  he  would 
■Bt  a  lute  TD  instead  of  the  line  TA, 

The  notes,  therefore,  must  not  admit  of  ambiguity  in  respect  to 
the  backsight,  or  to  the  direction  (right  or  left)  m  which  an  angle 
is  taken, 

168.  Deflection  Angle.  The  angle  which  a  line  makes  with 
a  transit  line  produced  from  the  preceding  station.  Deflection 
angles  are  measured  to  the  right  or  to  the  left,  hence  the  direc- 
tion should  always  be  entered  in  the  notes. 

lUuatration.  A  transit  stands  at  C,  Fig.  168; 
the  backsight  is  at  ii;  the  telescope  is  plunged 
after  backsighting,  and  then  points  at  E.  If 
turned  to  the  right,  any  deflection  angle,  as  ECD^ 
may  be  mecMured  to  the  right;  if  turned  the 
other  way,  any  deflection  angle  to  the  left  may 
be  measured,  as  ECB.  When  deflection  angles 
are  used  at  all,  it  is  customary  to  measiu«  each 
deflection  angle  to  the  right  or  to  the  left,  accord- 
Fio.  168.  ing  to  which  side  of  the  line  the  point  sighted 

Ht  lies. 

169*  A  System  of  Transit  Lines.  Two  or  more  transit 
lines  so  chosen  and  connected  as  to  form  the  basis  of  a  survey. 
The  transit  lines  are  connected  by  the  angles  which  they  make 
with  each  other  at  transit  stations.  The  distances  between  the 
stations  must  also  be -known. 

lUusiration.  The  system  may  form  a  closed  nolygon,  as  in  Figs.  A  and 
B,  or  a  series  of  lines  which  do  not  close,  as  in  figs.  C  and  D,  or  a  network 
of  lines,  as  in  Fie  E,  p.  118. 

170.  Traverse.    A  term  almost  synonymous  with  a  system 

of  tnuunt  Unes,  but  somewhat  broader  and  more  comprehen- 

aye  in  its  meaning.    For  example,  '^ running  a  traverse"  with 
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a  transit,  a  compass,  or  a  plane  table  means  to  run  out  a  series 
of  connected  lines,  locating  the  stations  with  respect  to  each 
other  by  a  combination  of  linear  and  angular  measurements. 
The  term  may  have  been  borrowed  from  navigation,  where  its 


nautical  meaning  is  the  zigzag  line  described  by  a  ship  when 
saiUng  on  different  courses.  When  a  traverse  comes  back  to 
the  starting-point  it  is  a  closed  traverse, 

171.  Triangulation.  A  network  of  connected  triangles,  in 
which  the  angles  are  measured,  but  not  the  sides.  The  latter 
are  found  by  trigonometrical  calculation,  starting  from  some 
measured  base-line.  (See  Chapter  XVI.)  The  distinction  be- 
tween traverse  and  triangulation  has  in  the  Tact  that  the  latter 
term  implies  the  measurement  of  angles  only. 

172.  The  Transit-Hne  Angles — Right  or  Left.  Angles  may 
be  measured  all  to  the  right  from  a  backsight  on  the  preced- 
ing station,  as  in  Figs.  A,  B,  and  D,  or  all  to  the  left,  as  in 
two  of  the  polygons  in  Fig,  E,  or  right  and  left  indiscrimi- 
nately, as  in  Fig.  C,  (In  Fig.  169  the  direction  in  which  the 
angles  were  measured  is  indicated  by  arrows;  i^  in  a  polygon 
means  that  all  angles  in  that  polygon  were  measured  to  the 
right;  L  means  that  all  angles  were  measured  to  the  left.)  For 
beginners,  at  least,  it  is  better  to  measure  all  angles  to  the  right. 

173.  Transit-line  Angles — Interior  and  Exterior.  It  is 
usually  more  convenient,  but  by  no  means  necessary,  to  measure 
the  interior  angles  of  a  polygon  instead  of  the  exterior.  To 
do  this  when  all  angles  are  measured  to  the  right,  go  around 
the  polygon  counter-clockwise  (leave  the  polygon  on  the  left), 
as  in  Fig.  A.  The  other  direction  (Fig  B)  gives  the  exterior 
angles. 

174.  A  Survey  Closes  when  the  transit  lines  form  a  closed 
polygon,  as  in  Figs.  A,  B,  and  E,    In  farm  and  city  surveys 


TRAVERSES  119 

transit  lines  usually  close,  but  in  railway  or  highway  work  they 
seldom  do. 

175.  Closing  Check  on  Transit-line  Angles.  From  twice 
the  number  of  sides  of  a  polygon  subtract  four,  and  multiply 
the  result  by  90**.     The  final  result  is  the  sum  of  the  interioj 

TUuatratian.  Triangle:  (2X3-4)X90<»  =  180<».  Four-sided:  (2X4-4) 
X9(y*  =  360*».  Five-sided:  (2X5-4)X90*»  =  540°.  Six-sided:  (2X6-4) 
X 90**  =  720°.  Algebraically:  If  iV^  =  number  of  sides,  5 -sum  of  the 
interior  angles,  then  S  =  (2  AT  -  4)  X  90°. 

176.  The  Error  of  Closure — ^Transit  Lines.  In  any  poly- 
gon of  transit  hnes  the  location  of  each  station  with  respect  to 
any  other  station  can  be  calculated  from  the  angles  and  dis- 
tances measured  in  the  field.  If  the  position  of  any  station  is 
assumed  as  a  starting-point,  and  then  following  around  the 
polygon,  the  position  of  this  same  station  is  found  by  calcula- 
tion; the  difference  between  the  assumed  position  and  the  cal- 
culated position  is  the  error  of  closure.  This  error  may  be  due 
to:  (1)  errors  in  measuring  transit-line  angles;  (2)  errors  in 
measuring  the  lengths  of  transit-lines.  In  practice  a  survey 
seldom  closes  exactly,  due  to  error  from  both  sources.  The 
permissible  error  of  closure  is  treated  in  Chapter  XIV  on  Field 
Work. 

177.  The  Methods  of  Running  Transit  Lines  most  used 
differ  only  in  the  method  of  measuring  and  recording  the  tran- 
sit-line angles;  the  methods  for  linear  measurements  are  the 
same,  i.e.,  chaining  or  measuring  with  the  stadia.  The  four 
methods  given  in  the  succeeding  articles  of  this  chapter  may 
be  divided  into  two  groups: 

-  r  Running  transit  lines  by  direct  angles. 

I  Running  transit  lines  by  deflection  angles. 
--  f  Running  transit  lines  by  azimuths. 
I  Running  transit  lines  by  bearings. 

In  the  first  group  the  angles  measured  are  those  which  the 
transit  lines  make  with  each  other. 

In  the  second  group  some  line  of  reference,  for  example, 
a  north-and-south  line)  is  established  for  the  entire  survey,  and 
the  angles  measured  are  those  which  the  different  lines  make 
with  Uaes  pigraUol  to  this  line  of  rof^renc^. 
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FIRST   METHOD. 

178.  Running  Transit  Lines  by  Angles.  This  method 
consists  simply  in  measuring  each  angle  directly  from  a  back- 
sight on  a  preceding  station.  If  desired, 
the  angle  can  be  doubled,  tripled,  or  le- 
peated  any  number  of  times.  The 
lengths  of  the  sides  may  be  measured 
with  a  chain,  a  tape,  or  the  stadia.  The 
method  may  be  used  whether  the  tran- 
J74.7  sit  lines  form  a  closed  polygon  or  not. 

FiQ.  178.  On  the  whole  it  is  better  in  this  method 

to  take  all  angles  clockwise. 

lUuatratum.  In  Fig.  178  each  interior  angle  was  measured  to  the  risht 
([clockwise)  from  a  backsight  on  the  preceding  station.  If  more  conven- 
ient, the  exterior  angles  could  have  been  measured.     (Art.  173.) 

Field  Notes.  Some  of  the  forms  of  field  notes  used  for  this  method  are 
given  in  Chapter  XV. 

Remark.  Triangulation  is  a  special  case  of  the  angle  method  of  running 
transit  lines. 


SECOND   METHOD. 

179.  Running  Transit  Lines  by  Deflection  Angles.     A 

modification  of  the  angle  method  especially  applicable  to  tran- 
sit lines  which  do  not  close,  but  progress  more  or  less  in  one 
general  direction.  Instead  of  measuring  the  angle  directly  from 
the  backsight,  the  telescope  is  plunged  and  the  deflection  angle 
(see  Art.  168)  is  then  measured  right  or  left.     (Fig.  179.) 


Fig.  179. 

Field  Notes,     Some  of  the  forms  of  field  notes  used  for  re- 
cording deflection  angles  are  given  in  Chapter  XV. 

THIRD   METHOD. 

180.  Running  Transit  Lines  by  Azimuths.*    It  will  be 
assumed  in  this  explanation  that  the  azimuth  of  each  line  is 


*  In  most  books  on  survesdng  this  method  is  called  traveraing.  As  usually 
defined  this  term  includes  not  only  the  azimuth  method,  but  the  quadrant 
method  also.     Moreover,  the  term  traversing  (or  traverse  surveying,  or 


TRAVERSES 


121 


measured  from  the  rwrth  end  of  a  magnetic  north-and-south 
line.  The  method  holds  good,  however,  no  matter  what  line 
is  chosen  as  a  reference-line.  Keep  clearly  in  mind  what  is 
meant  by  azimuth  and  hack  azimuth.  (See  Arts.  160-161,  pp. 
114-115.) 

(a)  In  the  azimuth  method  the  main  thing  to  remember  is 
simply  this:  At  whatever  station  the  transit  may  stand,  when 
On  telescope  is  pointed  north  the  vernier  reading  must  be  zero. 
This  is  not  accomplished  by  the  use  of  the  compass-needle 
except  at  the  first  set-up;  on  the  contrary,  the  needle  is  con- 
sulted only  as  a  rough  check  at  all  stations  except  the  first. 

There  are  two  azimuth  methods.  In  one  the  telescope  is 
inverted  when  taking  a  backsight,  and  is  normal  when  taking  a 
foresight;  in  the  other  method  the  telescope  is  always  normal. 
The  essential  difference  between  the  two  is  that  in  the  first 
method  no  setting  of  the  vernier  is  required  after  the  first  set- 
up, while  in  the  second  method  the  vernier  is  set  anew  at  each 
station. 

Q))  First  Method,  Let  the  first  set-up  of  the  transit  be  at 
station  A  (Fig.  180  (6)).  With  plates  clamped  at  zero,  point 
the  telescope  to  the  magnetic  north  as  indicated  by  the  needle. 
This  is  equivalent  to  backsighting  on  the 
magnetic  north,  but  this  first  station  is  the 
only  one  at  which  the  needle  is  consulted 
except  as  a  check.  Set  the  lower  clamp  as 
usual  for  a  backsight,  and  loosening  the 
upper  clamp,  sight  on  B.  Suppose  the 
vernier  now  reads  50°,  then  this  angle, 
taken  clockwise  from  the  magnetic  north, 
must  be  the  azimuth  of  AB.  Allow  the  ver- 
nier to  remain  clamped  at  50®.  Setting  up 
at  B,  plunge  the  telescope  and  backsight 
on  A.  Having  backsighted,  plunge  the 
telescope  again;  it  now  becomes  normal  and  points  in  the  direc- 
tion of  AB  produced  along  the  line  BP.  If  the  azimuth  oi  AB 
is  50*,  the  azimuth  of  BP  must  also  be  50®,  and  since  the  ver- 


FiG.  180  (6). 


niiming  a  traverse)  is  used  by  many  surveyors  to  indicate  any  one  of  the 
^  methods  of  running  comparatively  short  lines  where  angles  and  dis- 
Juujes  are  both  measured,  contrasted,  for  example,  with  triangulation. 
^aecordB  with  the  definition  of  traverse  as  given  on  page  117.  To  avoid 
til  ambiguity,  however,  the  method  explained  in  Art.  180  will  be  called 
the  (uimtUh  me^iod. 


122      METHODS  OF  RUNNING  TRANSIT  LINES 


nier  has  not  been  disturbed,  it  reads  50°  just  as  it  did  when 
the  transit  stood  at  A  and  the  telescope  pointed  at  B,  If  now 
the  telescope  is  pointed  north,  the  vernier  reading  will  be  zero, 
and  if  it  is  pointed  to  any  other  station,  the  vernier  reading  will 
be  the  azimuth  of  the  line  from  station  B  to  that  station. 

(cj  lUuBtration.  (Fig.  180  (6).)  Set  up  the  transit  at  A,  and  backsight 
on  the  magnetic  north  with  the  vernier  at  zero.  Foresight  on  B,  the  ver- 
nier reading  will  be  50°,  or  the  azimuth  of  AB.  Without  disturbing  the 
vernier  set  up  at  B,  backsight  on  A  with  inverted  telescope,  plunge  the  tete- 
Hcope  (it  now  becomes  normal  again,  the  vernier  still  reading  50°),  and 
foresight  on  C.  The  vernier  will  read  190°,  or  the  azimuth  of  BC.  Allow 
the  vernier  to  remain  clamped  at  190,  set-up  at  C,  invert  the  telescope, 
backsight  on  B,  plunge  the  telescope  and  sight  on  the  next  station.  Thus 
the  process  can  be  rep>eated  for  any  number  of  stations. 

Note.  Usually  there  are  azimuths  to  other  points  beside  transit  sta^ 
tions  which  must  be  taken  at  each  set-up ;  if  so,  then  the  last  sight  before 
leaving  a  station  must  be  on  the  next  station,  thus  automatically  setting 
the  vernier  for  the  next  set-up. 

(d)  Second  Method.  In  this  method  the  telescope  is  not  in- 
verted for  the  backsight,  but  instead  the  vernier  is  set  anew  at 
each  station  so  that  its  reading  will  be  the  azimuth  of  the  back- 
sight. The  azimuth  of  the  backsight  is  equal 
to  the  hack  azimuth  of  the  foresight  as  taken 
at  the  preceding  station,  i.e.,  add  180**  to  the 
azimuth  already  recorded.  For  example,  if 
the  transit  stands  at  B  (Fig.  180  (d>,  before 
backsighting  on  A  the  vernier  is  set  so  that 
the  reading  is  the  hack  azimuth  oiAB,  or  230** 
(obtained  by  adding  180°  to  50®).  If,  there- 
fore, the  vernier  is  set  at  230®  and  a  back- 
sight taken  to  A,  upon  turning  back  to  zero 
the  telescope  will  point  north.  Moreover,  if 
a  foresight  is  taken  to  any  other  point,  as  C,  the  reading  of  the 
vernier  will  be  the  azimuth  of  the  line  from  the  transit  to  that 
point,  or  the  azimuth  of  BC. 

Illustration.  In  Fig.  180  (d)  the  transit  is  set  up  at  A  and  the  azimuth 
of  AB  obtained  exactly  as  in  the  first  method.  Set  up  at  B,  set  the  ver- 
nier at  230°  (50°-H80°),  backsight  on  A,  foresight  on  C:  the  new  reading 
will  be  190°,  or  the  azimuth  of  BC.  Set  up  at  C,  set  the  vernier  at  190°-*- 
180°  (i.e.,  10°),  backsight  on  B  and  foresight  on  the  next  station.  Thus 
the  process  is  repeated  at  each  succeeding  station.  The  telescope  is  always 
normal,  never  inverted  for  backsight  or  foresight. 

181.  Outline  of  the  Two  Azimuth  Methods. 

In  both  methods  the  azimuth  of  the  first  transit  line  is  estab- 
lished in  exactly  the  same  manner  by  the  use  of  the  magnetic 
needle.    There  are  two  other  ways  of  getting  this  first  azimuth 


FiQ.  180  (d). 
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(explained  in  Arts.  185  and  186),  which  can  be  used  with  either 
method.  The  difference  between  the  two  methods  of  travers- 
ing is  simply  one  in  orienting  the  transit.     (Art.  187.) 


First  Method 
Vernier  is  left  clamp>ed 


IS  iett  ciampea  at 
the  forward  azimuth  of 
the  preceding  line. 

2.  Telescope  is  inverted  before 

backsighting. 

3.  Telescope  is  plunged  after 

backsighting. 


2. 


Second  Method 

Vernier  is  reset  at  the  for- 
ward azimuth  of  the  pre- 
ceding line  plus  180°, 

Telescope  remains  normal 
when  backsighting. 

Foresight  is  taken  without 
plunging. 


In  both  methods  the  azimuth  can  be  read  directly  from  the 
vernier,  whether  in  turning  off  the  angle  the  telescope  is  moved 
to  the  right  or  to  the  left.  Transits  should  be  graduated  from  0° 
to  360°,  preferably  in  one  direction  only,  to  correspond  to  angles 
taken  to  the  right,  or  clockwise. 

Field  Notes.  Some  of  the  forms  of  field  notes  used  for  the 
azimuth  method  are  given  in  Chapter  XV. 

182.  When  Azimuths  and  Magnetic  Bearings  Disagree. 
The  back  bearing  of  the  first  line  should  be  read  at  the  second 
station.  If  it  agrees  with  the  forward  bearing  as  taken  at  the 
first  station,  it  may  be  assumed  that  there  is  no  local  attrac- 
tion at  either  place.  If  the  two  bearings  disagree,  it  is  necessary, 
before  proceeding  with  the  survey,  to  establish  some  transit 
line  the  back  bearing  of  which  agrees  with  its  forward  bearing. 
Having  done  this,  a  new  start  may  be  made  from  either  end 
of  the  line,  since  in  all  probability  the  azimuth  of  the  line  taken 
at  either  end  will  be  correct.  Thereafter  should  the  azimuth 
of  any  transit  line  disagree  with  the  magnetic  bearing  and  no 
mistake  be  found  in  the  azimuth,  local  attraction  may  be  as- 
sumed as  the  cause.  It  often  happens  that  such  a  disagree- 
ment will  occur  for  several  successive  transit  lines,  but  should 
bearings  and  azimuths  continue  to  differ  by  about  the  same 
amount  the  original  azimuth  upon  which  all  others  depend  is 
probably  incorrect.  If  the  magnetic  needle  is  to  be  used  as  a 
check  throughout  the  survey,  it  is  obviously  important  that 
the  original  azimuth  should  be  as  nearly  correct  as  possible. 
Herein  hes  the  advantage  of  starting  from  a  true  north-and- 
south  meridian  established  by  observation,  and  in  extended 
surveys  this  is  often  the  method  used.     (See  Art.  185.) 
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183.  Comparison  of  the  Two  Azimuth  Methods. 

Tfie  first  method  has  no  disadvantages  as  compared  with  the 
second  method  except  such  as  arise  from  plunging  the  tele- 
scope. If,  for  example,  the  line  of  coUimation  is  badly  out 
of  adjustment,  an  error  is  introduced  each  time  the  telescope 
is  reversed.  The  advantage  of  this  method  over  every  other 
method  of  running  transit  lines  is  that  after  the  first  set-up  it 
is  not  necessary  (or  desirable)  to  set  the  vernier,  since  the  fore- 
sight on  each  station  automatically  sets  the  vernier  for  that 
station.  Thus  the  error  which  is  so  apt  to  occur  in  setting  the 
vernier  is  eliminated.     (For  disadvantages  see  Art.  190,  III.) 

The  second  method  is  used  when  for  any  reason  it  is  not  best 
to  plunge  the  telescope,  or  when,  as  on  the  theodolite,  the  tele- 
scope cannot  be  plunged.  A  disadvantage  as  compared  with 
the  first  method  is  that  the  vernier  must  be  set  anew  at  each 
station. 

184.  Checking  Azimuths  by  the  Magnetic  Needle. 
Any  azimuth  may  be  easily  reduced  to  a  bearing.  (See  chapter 
on  Calculation  of  Bearings,  Part  II.)  If,  therefore,  the  magnetic 
north-and-south  line  is  taken  as  the  reference-line  for  a  survey, 
the  azimuth  of  any  line  may  be  roughly  checked  by  gk»ncing 
at  the  needle  while  the  telescope  is  still  pointing  along  tht^  line 
and  mentally  noting  whether  or  not  the  azimuth  and  bearing 
agree. 

185.  A  True  North-and-south  Line  as  a  Reference  Me- 
ridian is  often  used  in  place  of  a  magnetic  north-and-south 
line.  In  that  case  the  azimuths  are  more  readily  checked  by 
the  needle  if  the  compass-box  is  adjusted  so  that  when  the 
telescope  is  pointed  to  the  true  north  the  needle  will  point  to 
the  N.  of  the  compass-box.  If  the  declination  is  known,  this 
may  be  accomphshed  by  turning  off  the  declination  arc,  using 
the  vernier  inside  the  compass-box;  otherwise  a  true  meridian 
must  be  established  by  an  observation  on  the  North  Star  or  by 
some  other  method. 

Notice  that  after  the  declination  arc  is  turned  off  the  N.  of  the  compass- 
box  is  no  longer  exactly  underneath  the  axis  of  the  telescope.  In  many 
transits  no  provision  is  made  for  turning  off  the  declination  arc. 

The  advantage  of  starting  from  a  true  meridian  established  by  observa- 
tion is  explained  in  Art.  182.  In  ordinary  surveys  of  small  extent,  how- 
ever, there  is  usually  no  time  for  establishing  such  a  meridian. 

186.  Any  Reference  Meridian  may  be  Used  instead  of  a 
north-and-south  line,  provided  no  use  is  to  be  made  of  hearings. 
For  example,  the  line  between  the  first  two  stations  may  be 
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aastimed  as  a  reference  meridian  (zero  azimuth);  the  azimuth 
of  each  transit  line  is  then  reckoned  from  a  line  parallel  to  the 
first  transit  line,  (tn  that  case  the  meaning  of  azimuth  is  that 
given  in  Art.  160  (c),  p.  114.) 

In  this  method  the  transit  Unes  are  all  located  with  respect 
to  each  other,  which  is  often  all  that  is  necessary,  but  the  needle 
cannot  easily  be  used  for  checking  azimuths,  and  this  is  a  dis^ 
advantage. 

187.  Orienting  the  Transit.  In  running  lines  by  azimuths, 
the  first  step  after  setting  up  the  transit  at  any  station  is  to 
get  the  graduated  plate  into  such  a  position  that  when  the  ver- 
nier reading  is  zero  the  line  of  sight  vnU  be  parallel  to  the  reference 
meridian.     This  is  called  orienting  the  transit. 

Ilhutralion,  If  the  relerenoe  meridian  is  a  north-and-douth  line,  arierUing 
the  iranait  results  in  the  telescope  pointing  north  (when  the  vernier  reading 
is  aero  and  the  telescope  is  normal).  In  the  first  method  this  is  accom- 
pushed  by  baoksighting  with  inverted  telescope  and  then  plunging;  in  the 
second  method  by  setting  the  vernier  at  the  back  azimuth  and  backsighting. 


188*  Running  Transit  Lines  by  Bearings.  This  method 
is  essentially  the  same  as  the  azimuth  method  except  that 
bearings  instead  of  azimuths  are  read  directly  from  the  transit. 
For  this  purpose  the  graduations  on  the  Umb  should  be  num- 
bered from  0°  to  90°  to  correspond  to  quadrants  of  bearing  in 
the  compass.     (See  page  75.) 

When  the  plates  are  left  clamped  at  the  forward  bearing  of  a 
transit  line,  the  transit  is  oriented  at  the  next  station  by  back- 
sighting  with  inverted  telescope  and  then  plunging;  otherwise 
it  is  oriented  by  setting  the  vernier  at  the  back  bearing  and 
then  backsighting.  (The  two  methods  of  orienting  correspond 
to  those  used  for  azimuths.) 

Either  a  true  north-and-south  line  or  a  magnetic  north-and- 
south  line  may  be  taken  as  a  reference  meridian.  If  the  former 
is  used,  it  is  convenient  to  turn  off  the  declination  arc  (see  Art. 
185)  so  that  bearings  read  from  the  limb  may  be  checked  by 
the  needle  without  thinking  of  the  magnetic  declination. 

Note.  The  two  seroes  on  the  limb  (180**  apart)  may  be  called  the  north 
sero  and  the  aouth  sero ;  the  one  unth  which  the  zero  of  the  vernier  coincides 
when  the  telescopy  points  north  (the  transit  having  been  oriented)  is  the  north 
tsro.  (Why*  in  most  cases,  will  this  zero  really  be  nearer  the  south  end  of 
a  teieseope  pointed  north?) 
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lUuatraiion.  In  Fig.  180  id),  if  the  transit  is  oriented  at  Sta.  B  and  is 
then  pointed  to  Sta.  C,  the  vernier  reading  will  be  10**,  and  since  the  vernier 
ssero  is  to  the  left  of  the  S.  zero  on  the  limb,  the  bearing  of  BC  is  S.  10**  W. 
(Draw  a  sketch  showing  the  relative  position  of  the  telescope,  the  N.  and 
S.  zeroes  on  the  limb,  and  the  vernier  zero.     (See  page  102.) 

Caution.  In  reading  bearings,  it  is  evident  that  an  error  of  180**  will  bo 
introduced  by  mistaking  the  north  zero  for  the  south  zero  or  vice  versa. 
Thus  in  the  illustration  a  common  mistake  would  be  to  read  N.  10**  £• 
instead  of  S.  10°  W. 

Note.  Precautions  should  be  taken  to  eliminate  error  due  to  local  attrac- 
tion in  the  bearing  of  the  first  line.     (See  Art.  182.) 

A  true  north-and-south  line  may  be  established  by  observation  if  desired, 
and  used  as  a  reference  meridian  for  bearings. 

Field  Notes  for  this  method  are  similar  to  those  used  with 
azimuths,  except  that  care  must  be  taken  to  designate  in  which 
quadrant  of  bearing  each  line  lies,  i.e.,  to  give  its  forward  bear- 
ing. 

189.  Running  Transit  Lines  by  Angles  and  Calculated 
Bearings.  This  can  hardly  be  called  a  separate  method. 
Transit  lines  are  run  exactly  as  in  Method  I  or  Method  II,  but 
in  addition  the  bearing  of  each  hne  is  calculated  instead  of 
being  read  directly  from  the  transit  as  in  Method  IV.  -The 
bearing  of  the  first  transit  line  is  obtained  from  the  needle,  the 
angle  which  that  line  makes  with  the  second  transit  line  is 
measured,  and  the  calculated  bearing  of  the  second  line  found 
by  the  method  explained  in  the  chapter  on  Calculation  of  Bear-^ 
ings,  Part  II.  Thereafter  the  bearing  of  each  transit  line  is 
computed  from  the  calculated  (not  the  magnetic)  bearing  of 
the  preceding  transit  hne,  and  is  entirely  independent  of  the 
magnetic  bearing.  Since,  however,  the  first  bearing  calculated 
(i.e.,  the  calculated  bearing  of  the  second  transit  hne)  was  ob- 
tained from  the  magnetic  bearing  of  the  first  transit  line,  all 
other  calculated  bearings  should  agree  approximately  with  the 
corresponding  magnetic  bearings,  and  hence  any  large  error  in 
a  transit-line  angle  may  be  detected.  The  check  thus  afforded 
is  a  valuable  one,  especially  in  running  the  transit  lines  of  a 
survey  which  does  not  close,  provided,  of  course,  that  the  needle 
is  not  continually  affected  by  local  attraction. 

Remark.  If  the  cause  of  local  attraction  is  not  about  the  person  of  the 
observer,  but  remains  stationary,  an  angle  can  still  be  checked  oy  the  needle 
provided  two  readings  are  taken  at  the  station  where  the  transit  stands, 
one  the  back  bearing  of  the  preceding  line,  the  other  the  forward  bearing 
of  the  Une  ahead. 

Note.  Precautions  to  eliminate  errors  due  to  local  attraction  should  be 
taken  in  assuming  the  bearing  of  the  first  line  in  order  to  use  the  needle 
throughout  the  survey  as  a  rough  check. 

(o)  lUtutration.  The  bearing  of  AB,  Fig.  189  (a),  as  read  at  A  is  N.  20® 
£.    The  back  bearing,  read  at  Bf  is  S.  20°  W. ;  hence  N.  20°  £.  is  assumed 


TRAVERSES  127 

as  eoirect.     The  angles  at  B,  C,  and  D  are  indicated  on  the  figure.    The 
calculated  bearings  of  the  different  lines  are 
also  indicated. 

Using  the  method  explained  in  Part  II  the 
calculation  is  as  follows: 

AB-N.  20<»E.+  (S.W.) 
ABC-       60<»      - 

BC-S.  40°  E.- 
BCD'^      30*»      - 

CD  =  8.  70»E.-  (N.W.) 

Fia.  189  (a). 

D^  =  N.  30    E.+ 

Notice  that  since  the  angle  BCD  — 30**  is  a  deflection  angle,  the  forward  • 
bearing  of  BC  is  used  instead  of  the  back  bearing,  i.e.,  the  Tetters  S.E.  are 
not  chansed  to  N.W.  before  adding  SO*'  algebraically. 

For  otber  examples  of  the  calculation  of  bearings  see  the  chapter  on 
Calculation  of  Bearinqa,  Part  II. 

Note.  In  extended  surveys  a  true  north-and-south  Une  ia  often  estab- 
lisWi  by  observation,  and  tne  bearing  of  the  first  transit  Une  is  then  cal- 
culated from  the  ang^  which  it  makes  with  the  line  thus  established. 
See,  for  example,  line  yV  in  the  sketch  of  transit  Unes  (p.  390). 

(6)  Check  for  a  closed  polygon.  The  bearing  of  the  fiu^t  line 
assumed  from  the  needle  reading  is  sometimes  called  a  calcu- 
lated bearing,  and  hence  it  may  be  said  that  the  calculated 
and  magnetic  bearings  are  exaxily  the  same  for  the  first  line, 
although  this  is  not  likely  to  be  true  of  other  lines.  If  the 
transit  lines  form  a  closed  polygon,  a  second  calculated  bearing 
may  be  obtained  for  the  first  line  from  the  calculated  bearing 
of  Uie  last  side  and  the  closing  angle.  The  discrepancy  between 
the  assumed  bearing  of  the  first  hne  and  the  final  calculated 
bearing  as  thus  obtained  is  equal  to  the  total  error  in  the  sum  of 
the  interior  angles,  as  foimd  by  the  check  of  Art.  175,  p.  119. 

lUuttratUm.  The  assumed  bearing  of  the  first  side  of  a  triangle  is  N.  30**  E. 
The  calculated  bearing  of  the  same  side  found  by  foUowiujp  around  the  tri- 
anglft  is  N.  30®  1'  E.  This  indicates  that  there  is  an  error  of  1'  in  the  sum  of 
the  interior  angles.  In  a  similar  way  the  sum  of  the  interior  angles  of  any 
I>olygon  may  be  checked  no  matter  how  many  sides  it  has. 

Field  Notes.  Some  of  the  forms  of  field  notes  used  with  this 
method  will  be  found  in  Chapter  XV. 

190.  Methods  of  Running  Transit  Lines  Compared. 
Use  the  method  best  adapted  to  the  work  in  hand.  There  is 
not  much  difference  between  the  methods  in  the  time  required 
for  field  work. 

I.  Method  by  Direct  Angles.  Used  in  all  kinds  of  work, 
but  especially  in  small  surveys  where  there  are  but  few  transit 
lines  and  where  the  survey  closes. 

Advantages,     (1)  Angles  at  any  station  may  be  measured  by 
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repetition  or  by  series,  a  decided  advantage  in  accurate  work. 

(2)  Stations  may  be  occupied  in  any  order.  (3)  The  angle  at 
one  station  is  not  affected  by  the  angle  measured  at  a  pre- 
ceding station. 

DisddvarUages.  (1)  Angles  in  order  to  be  checked  by  the 
needle  must  be  reduced  to  calculated  bearings.  (2)  A  distinc- 
tion must  be  made  in  the  field  notes  between  right  and  left 
angles  unless  all  angles  are  taken  in  one  direction  (clockwise). 

(3)  It  must  be  made  plain  in  the  field  notes  which  station  was 
used  as  a  backsight  for  each  angle.     (4)  The  vernier  must  be 

*set  anew  at  each  station. 

II.  Method  by  Deflection  Angles.  Used  chiefly  in  rail- 
way and  highway  work, — adapted  to  surveys  in  which  each 
transit  Hne  makes  a  small  angle  (less  than  90°)  with  the  pre- 
ceding transit  line  produced.     Used  in  running  in  curves. 

Advantages  and  disadvantages  are  practically  the  same  as  for 
the  preceding  method.  Railroad  curves  are  usually  laid  out  by 
means  of  deflection  angles  and  hence  the  method  is  used  in 
nearly  all  railroad  surveying.  For  other  kinds  of  work,  how- 
ever, the  advantages  of  the  method  are  often  overestimated. 
(1)  Unless  each  angle  is  doubled  it  involves  practically  every 
error  in  the  adjustment  of  the  transit,  especially  the  error 
caused  by  plunging  the  telescope  when  the  line  of  sight  is  not 
perpendicular  to  the  supporting  axis;  in  the  preceding  method 
this  error  is  not  involved.  (2)  It  is  necessary  to  take  angles 
right  or  left,  a  common  source  of  mistakes  in  note-keeping, 
while  in  the  preceding  method  this  can  be  avoided  by  taking 
all  angles  clockwise.  Deflection  angles  never  exceed  180°,  and 
this  is  of  some  advantage  in  plotting,  but  even  this  advantage 
is  very  slight,  and  it  is  always  doubtful  pohcy  to  save  ofl^ice 
work  at  the  expense  of  field  work. 

III.  Running  Transit  Lines  by  Azimuths.  Almost  always 
used  in  stadia  surveying  and  for  certain  forms  of  topographic 
work.  It  can  often  be  used  to  advantage  in  railway  and  high- 
way work.  The  method  is  a  valuable  one  and  should  be  used, 
perhaps,  even  more  than  it  is. 

Advantages,  (1)  The  needle  is  a  constant  check  on  the  azi- 
muth of  each  line.  (2)  The  method  avoids  nearly  all  the  dis- 
advantages given  for  the  two  preceding  methods,  i.e.,  it  is  not 
necessary  to  enter  the  backsight  in  the  field  notes,  or  to  make 
a  distinction  between  right  and  left  angles  or  to  set  the  vernier 
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anew  at  each  station.  (3)  The  azimuth  gives  the  bearing 
without  using  the  letters  that  correspond  to  the  compass- 
points.  (4)  Field  notes  are  usually  simple,  definite,  and  easily 
plotted. 

Disadvantages,  (1)  The  method  does  not  lend  itself  readily 
to  measuring  angles  by  repetition  or  by  series.  (2)  Each  sta- 
tion must  be  occupied  in  order  without  skipping  any*  This  may 
be  a  serious  disadvantage  if  for  any  reason  it  is  impossible  or 
undesirable  to  set  up  over  a  transit  station  at  any  given  time. 
(3)  A  mistake  in  the  azimuth  of  one  line  affects  the  azimuths 
of  all  succeeding  lines.  This  does  not  mean,  however,  that  all 
the  work  is  lost,  for  the  azimuth  of  each  succeeding  line  is 
affected  by  the  same  amount,  and  though  these  succeeding  lines 
are  all  wrong  with  respect  to  the  reference  meridian  of  the  sur- 
vey, they  may  still  be  correctly  located  with  respect  to  each 
other.  If  the  mistake  is  discovered,  the  notes  are  easily  changed 
by  applying  the  correction  to  each  succeeding  line,  though  if 
there  are  many  side  shots  this  may  cause  considerable  extra 
work.  (4)  If  local  attraction  exists  for  any  considerable  num- 
ber of  stations,  the  advantages  of  checking  azimuths  by  the 
needle  is  lost.  (5)  In  the  first  method  of  running  azimuths, 
plunging  the  telescope  involves  the  same  error  in  the  adjust- 
ment of  the  line  of  sight  that  is  involved  in  the  deflection-angle 
method. 

IV.  Running  Transit  Lines  by  Bearings.  This  method, 
probably  a  survival  of  the  compass-survey  method,  is  little 
used  at  present. 

Advantages.  It  has  no  advantage  over  the  preceding  method 
except,  possibly,  a  shght  advantage  in  checking  Unes  by  the 
needle,  while  it  has  all  its  disadvanto/ges  and  in  addition:  (1)  A 
special  numbering  of  the  graduations  on  the  limb  (0®  to  90°)  is 
called  for;  (2)  LikeUhood  of  mistaking  the  north  zero  for  the 
south  zero,  or  vice  versa;  (3)  Letters  corresponding  to  com- 
pass-points must  be  used. 

V.  Calculated  Bearings  when  used  in  connection  with 
either  of  the  first  two  methods  serve  as  an  excellent  check  on 
the  transit-line  angles,  provided  local  attraction  does  not  exist. 
WbUe  mistakes  of  less  than  15  minutes  are  not  detected  by  the 
use  of  the  needle,  nevertheless  in  a  survey  which  does  not 
close  there  is  no  other  check  unless  angles  are  measured  by 
repetition. 
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VI.  Measuring  Angles  by  Repetition.  Many  surveyors, 
when  running  transit  lines  by  either  of  the  first  two  methods, 
believe  in  doubhng  all  transit-line  angles,  if  for  no  other  reason 
than  to  guard  against  error.  It  requires  more  time  in  the  field, 
but  often  saves  time  in  the  end.  Angles  can  be  measured  with 
greater  accuracy  by  repetition  than  by  the  ordinary  method. 
(See  page  99.) 

191.  Transit  Lines — Summary. 

1.  Transit  lines  are  imaginary  lines  of  reference  by  which  and 
from  which  the  details  of  a  survey  are  located.  They  are  the 
skeleton  lines  of  the  survey. 

2.  A  system  of  transit  lines  may  form  a  closed  polygon,  or  a 
network  of  polygons,  or  it  may  consist  of  a  series  of  lines  which 
do  not  close. 

3.  In  any  polygon  of  transit  lines  either  exterior  or  interior 
angles  may  be  measured.  A  check  is  afforded  by  adding  inte- 
rior angles.     (Art.  175,  p.  119.). 

4.  Error  of  closure  is  usually  due  both  to  error  in  lengths  of 
transit  lines  and  error  in  angles. 

5.  There  are  four  common  methods  of  running  transit  lines, 
two  of  which  depend  upon  measuring  the  angle  which  one 
transit  line  makes  with  another  transit  line;  the  other  two 
depend  upon  measuring  the  angle  which  each  transit  line  makes 
with  a  line  parallel  to  a  reference  meridian  (as,  for  example,  a 
north-and-south  line). 

6.  The  four  methods  are:  (1)  Angles;  (2)  Deflection  Angles; 
(3)  Azimuths;  (4)  Bearings. 

7.  In  the  angle  method  all  angles  are  measured  directly  from 
the  backsight  without  plunging  the  telescope,  while  in  the  rfe- 
fiection-angle  method  all  angles  are  measured  from  the  back- 
sight produced  by  plunging  the  telescope.  This  is  the  principal 
difference  between  the  two  methods. 

8.  In  the  azimuth  method  the  azimuth  of  the  first  line  may 
be  determined  in  one  of  three  ways. 

(1)  By  the  magnetic  needle;  all  azimuths  will  then  be  mag* 
netic  azimuths. 

(2)  By  establishing  a  true  north-and-south  meridian  by  ob- 
servation, and  measuring  the  azimuth  of  the  first  line  from  this 
meridian.  All  azimuths  will  then  be  tnie  azimuths.  In  this 
case  the  declination  arc  is  often  turned  off. 

(3)  If  bearings  are  of  no  importance,  the  azimuth  of  the  first 
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line  may  be  assumed  as  zero  or  any  other  convenient  quantity. 
An  azimuths  will  then  be  relative,  i.e.,  azimuths  with  respect 
to  the  first  transit  line  as  a  reference  meridian. 

9.  There  are  two  methods  of  orienting  the  transit  in  running 
by  azimuths.  In  one  the  vernier  must  be  set  anew  at  each 
station  (at  the  back  azimuth)  and  the  telescope  is  never  in- 
verted. In  the  other  the  vernier  is  set  automatically  for  each 
station  by  a  foresight  taken  while  at  the  preceding  station,  but 
the  telescope  must  be  inverted  before  backsighting  and  plunged 
before  foresighting. 

10.  If  the  azimuth  of  the  first  line  is  correct,  a  discrepancy 
between  the  azimuth  and  the  bearing  of  any  other  hne  indi- 
cates a  mistake  in  measuring  the  angle;  if  no  mistake  is  found 
in  the  angle,  local  attraction  may  exist. 

11.  Running  transit  lines  by  bearings  is  similar  to  the  azi- 
muth method,  but  calls  for  the  quadrant  system  of  numbering 
graduations  on  the  limb.  Errors  are  much  more  likely  to  occur 
and  the  method  is  but  httle  used. 

12.  Calculated  bearings  may  be  used  as  a  rough  check  in  run- 
ning transit  lines  by  angles  or  by  deflection  angles. 

13.  Any  method  of  checking  transit  lines  by  the  magnetic 
needle  is  useless  in  locations  where  local  attraction  exists. 

14.  Doubling  angles,  or  measuring  angles  by  repetition,  is  a 
more  certain  check  than  that  afforded  by  the  magnetic  needle, 
and  it  is  also  a  much  more  accurate  one.  By  this  method  angles 
can  also  be  measured  with  greater  precision  than  by  the  ordi- 
nary method. 
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CHAPTER  Xin 

METHODS  OF  LOCATING  DETAILS 

In  this  chapter  are  given  the  geometrical  methods  in  common  use  for 
locating  boundary  lines,  street  lines,  buildings,  fences,  rivers,  bridges,  and 
other  details  of  a  survey.  The  different  methods  are  outlined  without 
entering  upon  the  routine  of  the  field  work,  or  discussing  the  practical 
questions  which  arise  in  connection  with  that  work..  (See  the  next  chap* 
ter  for  field  work.) 

192.  Transit  Survey — General  Method.  A  transit  sur-^ 
vey  is  one  in  which  the  transit  is  the  principal  instrument  used: 
this  implies  the  measurement  of  angles  as  the  distinguishing 
characteristic.  Part  of  the  work  in  such  a  survey  consists  in 
running  the  transit  lines  according  to  one  of  the  methods  ex- 
plained in  the  preceding  chapter,  and  the  rest  of  the  work  con- 
sists in  locating  details  of  the  survey  using  these  transit  lines 
as  reference-lines.  It  is  desirable  to  have  either  a  transit  sta- 
tion or  a  transit  line  conveniently  near  each  detail  that  is  to 
be  located,  such,  for  example,  as  a  house  or  a  fence-comer;  in 
establishing  transit  stations  this  should  always  be  kept  in  mind. 
(See  Art.  216,  p.  149.)  The  different  geometrical  methods  used 
are  exactly  the  same  as  those  employed  by  draftsmen  for 
locating  points  on  paper.  Some  involve  linear  measurements 
only,  others  are  based  entirely  upon  the  measurement  of  angles, 
while  still  others  combine  linear  and  angular  measurements. 

193.  Two  Methods  of  Carrying  on  the  Work.  Having 
chosen  the  method  of  running  the  transit  lines  (Art.  217,  p.  151) 
there  are  two  ways  to  proceed:  (1)  Lengths  and  angles  of  the 
transit  lines  may  be  measured  and  the  entire  system  established 
before  work  is  begun  on  the  location  of  details.  This  means 
going  over  the  ground  twice,  once  for  transit  lines  and  once 
for  details.  (2)  A  more  common  method  is  to  complete  all  the 
measurements  at  a  station  at  one  set-up,  carrying  on  the  work 
of  running  the  transit  lines  and  of  locating  the  details  simulta- 
neously, and  establishing  new  stations  as  fast  as  they  are 
needed. 
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The  first  method  is  good  for  a  survey  of  considerable  extent, 
in  which  a  network  of  transit  lines  must  be  established  with 
care.  The  second  method  is  better  for  a  survey  which  does 
not  close,  or  for  one  in  which  it  makes  httle  difference  where 
the  transit  hues  are  run,  or  for  small  surveys  with  compara- 
tively few  stations  where  the  work  can  be  done  in  a  short  time. 

As  a  compromise  between  the  two  methods  it  is  often  best 
before  beginning  a  survey  to  decide  upon  the  approximate 
positions  for  the  different  stations,  and  then,  working  by  the 
second  method,  set  the  stations  more  exactly  as  fast  as  they  are 
needed. 

194.  Locating  Objects  from  Transit  Lines.  Seven 
methods  of  locating  a  point  have  already  been  given  on  page  4. 
Locating  details  consists  simply  in  locating  two  or  more  points 
of  each  object  by  one  or.  more  of  these  seven  methods.  Tran- 
sit lines  form  the  skeleton  upon  which  the  survey  is  built. 
Objects  are  usually  located  from  the  nearest  or  most  conven- 
ient transit  line.  Enough  points  are  taken  to  completely 
locate  the  object,  with  perhaps  an  additional  point  or  two  for 
a  check.  Thus,  for  example,  it  is  enough  to  determine  the 
position  of  two  corners  of  a  rectangular  building  directly  from 
a  transit  line,  the  other  two  corners  being  located  indirectly 
by  measuring  the  building  itself;  it  is  well,  however,  in  accu- 
rate work  to  locate  a  third  corner  from  a  transit  line  as  a  check. 

Sometimes  it  is  necessary  to  locate  different  parts  of  the 
same  object  from  different  stations  or  transit  lines.  For  exam- 
ple, part  of  a  large  building  may  be  located  from  a  station  near 
one  end,  while  other  portions  of  the  building  are  located  from 
a  station  near  the  other  end.  Fence-lines  and  street-lines  are 
nearly  always  located  from  at  least  two  stations.  For  example, 
in  a  survey  of  a  rectangular  field  each  corner  of  the  field  may 
be  located  from  a  station  near  it,  and  each  boundary  line  will 
thus  be  fixed  by  two  points  located  from  different  stations,  and 
possibly  from  different  transit  lines  also.     See  page  141. 

In  locating  the  different  points  of  any  detail  of  the  survey 
the  surveyor  must  be  quick  to  see  which  of  the  seven  methods 
given  on  page  4  is  best  adapted  to  his  purpose.  (See  Art.  223. 
p.  156.)  Sometimes,  however,  he  has  no  choice  but  must  use 
the  one  method  possible,  as,  for  example,  the  method  of  trian- 
golation  in  locating  an  inaccessible  point.  Of  the  seven  methods 
referred  to,  one  depends  upon  the  intersection  of  two  straight 
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lines,  two  depend  upon  linear  measurements  only,  while  the 
other  four  involve  measurements  of  angles.  Since  the  transit 
is  an  instrument  for  measuring  angles,  these  last  four  methods 
are  most  characteristic  of  transit  surveying.  In  the  succeed- 
ing pages,  however,  there  will  be  found  illustrations  which  are 
intended  to  give  a  general  idea  of  the  way  in  which  all  seven 
methods  are  used  in  locating  objects  from  transit  lines. 

First  those  methods  which  combine  linear  and  angular  meas- 
urements will  be  given,  and  then  those  methods  which  involve 
linear  measurements  only. 

More  complete  illustrations  in  which  different  methods  are 
combined  will  be  found  in  the  various  forms  of  field  notes 
given  in  Chapter  XV. 

Methods  Involving  Angular  Measurements 

195.  Locating  Objects  by  Angles  and  Distances. 

(a)  Illustration.  Any  number  of  points  may  be  located  from 
a  station  by  taking  an  angle  to  each  point  and  measuring  the 

corresponding  distance  from 


SfaA 


195  (a). 


the  station  to  the  point. 
(Method  3,  p.  4.)  The  an- 
gles are  usually  all  taken 
from  the  same  backsight. 
(Art.  127,  p.  94.)  In  Fig. 
195  (a)  the  transit  is  at  sta- 
tion B,  backsight  on  station 
A.  Angles  are  taken  to  1 
and  2  (corners  of  the  barn) 
and  3,  4>  ^>  ^^^  ^  (corners 


of  the  house),  and  the  corresponding  distances  from  station  B 
to  these  comers  are  measured.  *' Measuring  up,"  i.e.,  measur- 
ing the  lengths  of  the  sides  of  the  barn  and  the  house,  completes 
the  field  work  of  location.  In  many  cases  it  would  be  sufficient 
to  locate  two  comers  of  the  house,  as,  for  example,  3  and  4  or 
6  and  6, 

Locating  objects  by  azimuths  and  distances.  In  the  preceding 
illustration,  and  in  many  that  follow,  it  will  be  observed  that 
the  method  of  locating  objects  holds  good  when  azimuths  are 
used  in  place  of  the  usual  angle  taken  from  some  backsight. 
Indeed,  azimuth  means  an  angle  taken  clockwise  from  a  north- 
and-south  line  or  from  some  other  meridian  as  a  backsight. 
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(ft)  lUtLstration.  Locating  an  object  by  an  angle  and  distance 
to  one  point  only.  In  Fig.  195  (6)  a  method  is  shown  which  is 
often  used  for  locat- 
ing a  rectangular  ob- 
ject. A  point  c  is 
''lined    in"    with   the  j^ 

transit      between    sta-  (Js'^^^'^'S 

tions  F"  and  G,  and  at  ^S/        i<^ 

the  same  time  brought 
into  line  by  eye  with 
one  side  of  the  house, 
as   ab.       The   point   c  ^^°-  ^^^  (*>• 

being  thus  established  the  transit  is  set  up  at  c,  the  angle  Feb  is 
taken,  and  the  distances  Fc  and  cb  are  measured.  One  comer  of 
the  house  b  having  been  located  in  this  way,  the  other  corners 
are  found  by  "measuring  up"  the  house  itself.  This  method  is 
most  used  when  the  object  is  too  far  away  to  be  located  from  a 
regular  transit  station,  and  yet  is  comparatively  near  one  of  the 
transit  lines;  although  it  is  not  the  most  accurate  method,  it  will 
often  answer  the  purpose.  A  method  similar  to  this  but  one 
which  does  away  with  the  setting  up  of  a  transit  at  c  is  given 
on  page  139,  Fig.  199  (a). 

(c)  lUustration.  Locating  curves  by  angles  and  distances. 
The  simplest  way  of  locating  a  curve  made  up  of  circular  arcs 
of  small  radii  is  to  find  by  trial  the  radius  and  center  of  each 
arc,  locate  each  center  from  the  nearest  transit  station,  and  in 
addition,  if  necessary,  locate  the  points  where  each  curve  ends 
or  where  it  changes  to  a  different  curve.  When,  however,  the 
radii  are  large  or  when  the  curve  is  irregular,  i.e.,  not  com- 
posed of  true  circular  arcs,  some  other  method  must  be  used. 
One  method,  especially  adapted  to  the  location  of  small,  sharp, 
irregular  curves  such  as  driveways,  park  walks,  and  other  simi- 
lar curves,  is  given  in  Fig.  195  (c).  Notice  that  for  each  angle 
measured  two  points  are  located.  Thus,  with  transit  at  E^  back- 
sight at  Z>,  an  angle  to  7  is  taken,  7'  is  lined  in,  and  the  two 
distances  to  7  and  7'  are  measured,  the  object  being  to  save 
work  in  plotting.  The  second  point  can  usually  be  set  in  line 
with  the  first  by  eye.  Chain-pins  or  stakes  can  be  stuck  into 
the  ground  at  intervals,  close  together  where  the  curve  changes 
rapidly,  farther  apart  where  the  curve  is  less  abrupt,  and  the 
angles  and  distances  measured  to  these  points,  or,  on  the  other 
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hand,  angles  can  be  turned  off,  say  every  15°,  the  correspond- 
ing points  on  the  curve  marked,  and  the  distances  'to  these 

points  then  measured.    It 

often    hapf>ens    that,    by 

making   the    same    angle 

serve  for  the  location  of 

two  or  more  points,  work 

SfaU   ToSt^' — y^   ^"^  plotting  is  sa^ed   not 

only   in    the    location    of 

Fig.  195  (c).  curves,   but    also    in    the 

location  of  all  kinds  of  objects. 

(d)  Illustration.  Locating  a  point  by  an  angle  and  distance 
when  the  distance  is  measured  from  some  fixed  point  other  than 
the  transit  station.     (Method  4,  page  4.) 

In  the  three  preceding  illustrations  the  distance  to  any  point 
located  was  measured  from  the  station  where  the  transit  stood 
when  the  angle  to  that  point  was  taken.  (Method  3,  p.  4.) 
Instead  of  measuring  from  the  transit 
station  it  is  sometimes  more  con- 
venient to  measure  from  some  other 
point  already  located  as  shown  in 
Fig.  195  (d)  and  Fig.  195  (e). 

In  Fig.  195  (d)  corner  h  is  located  in 
the  usual  way.  Corner  a  is  located 
also  by  an  angle  from  the  backsight 
on  station  (r,  hut  the  distance  is  meas- 
ured from  b  instead  of  from  station  H, 

(e)  This  method  may  also  be  used  for  determining  the  direc- 
tion of  a  street  which  branches  off  from  the  main  survey.  As 
only  enough  of  the  street  will  be  shown  on  the  map  to  indicate 

its  direction,  it  will  usually  suffice 
to  locate  a  single  point,  as,  for  ex- 
ample, b  in  Fig.  195  (e).  The  comer 
a  having  been  located  by  an  angle 
and  distance  in  the  usual  manner, 
an  angle  is  taken  to  b,  but  the  dis- 
tance  from  a  to  b  is  measured  in- 
stead of  the  distance  from  Sta,  B 
to  b.  This  method  might  be  used, 
for  example,  if  on  account  of  fences  it  is  much  easier  to  measure 
from  a  to  6  than  it  is  to  measure  from  Sta.  B  to  6.    If  more  con- 
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Fig.  195(e). 
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Tenient,  produce  6a  to  e  and  measure  from  Sta.  B  to  e.  (See 
p.  140,  Fig.  199  (c),  for  another  method  of  getting  the  direction 
of  a  street.) 

196.  Locating  Points  by  Two  Intersecting  Angles. 

IlhistrcUion.  (Method  6,  p.  4.)  In  Fig.  196  a  transit  at  B, 
backsight  at  C,  measures  the  angle  CB2,  At  the  same  time 
another  transit   at  C, 


Sta£ 


Fig.  196. 


backsight  at  B,  meas- 
ures the  angle  BC2, 
The  distance  BC  be- 
ing known,  the  point 
2  is  thus  located. 
Any  number  of  points 
along  the  bank  may  be 
determined  in  a  similar 
manner.  When  this  method  is  followed  two  transits  are  generally 
used. 

This  method  may  be  used  for  locating  any  point  which  can 
be  seen  from  two  transit  stations,  as,  for  example,  a  fence-cor- 
ner or  the  corner  of  a  building.  The  method  is  not  as  accurate 
as  the  preceding  methods  unless  the  base-hne  and  angles  are 
measured  with  great  care.  If  the  angle  at  the  intersection  of 
the  two  lines  is  too  acute,  it  makes  i^  difficult  in  plotting  to  de- 
termine the  exact  point  of  intersection. 

This  method  is  especially  adapted  to  locating  inaccessible 
points  and  for  taking  soundings.  It  is  much  used  in  plane-table 
work. 

Points  by  the  Three-point  Method. 
Let  H,.l,  and  K  in  Fig.  197  be  stations  on 
shore  the  positions  of  which  are 
known.  Let  1,  2,  and  3  be  points  on 
the  water  at  which  buoys  are  placed 
or  soundings  taken.  At  each  of  these 
points  two  angles  between  hnes  to  the 
three  stations  on  shore  are  taken,  as 
indicated  on  the  figure,  thus  locating 
each  point.  The  angles  are  usually 
measured  with  a  sextant.  The  pecu- 
harity  of  this  method  is  that  the  angles 
are  ail  taken  at  the  point  to  he  located.  The  points  could  of  course 
be  located  by  the  method  of  the  preceding  article,  the   two 
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(Method  7,  p.  4.) 
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transits  on  shore  occupying  two  of  the  three  stations,  as  Sta.  H 
and  Sta.  I,  or  Sta.  I  and  Sta.  K. 

Methods  Involving  Linear  Measurements  only 
All  the  methods  on  the  preceding  pages  depend  upon  the 
measurement  of  one  or  more  angles.  Much  of  the  work  of 
locating  objects,  however,  can  be  done  without  measuring 
angles.  Of  the  two  methods  involving  only  linear  measure- 
ments (page  4)  that  of  locating  a  point  by  offsets  is  the  one 
more  used. 

198.  Locating  Objects  by  Offsets. 

(a)  This  method  corresponds  to  method  2,  p.  4.  The  perpen- 
dicular distances  to  the  transit  line  from  different  points  of  an 
object  are  called  offsets.  (For  methods  of  erecting  perpendic- 
ulars see  p.  61.)  Enough  offsets  are  taken  to  completely  locate 
the  object,  the  distances  between  the  offsets  being  measured  along 
the  transit  line.  In  Fig.  198  (a)  only  two  offsets  are  needed  to 
locate  the  building. 


Fio.   198(a). 


Fia.  198(6). 


(b)  Anything  which  is  regular  in  outline  can  be  located  by 
offsets  taken  at  equ^al  intervals  along  the  transit  line.  Thus  in 
Fig.  198  (b)  offsets  were  taken  every  20  ft.  Notice  that  dis- 
tances (9  ft.  and  22  ft.)  were  measured  to  the  points  where  the 
transit  line  crosses  the  curves.  In  keeping  notes  some  engineers 
prefer  to  consider  offsets  on  one  side  of  the  transit  line  plus, — 
on  the  other  side  minus. 

(c)  Irregular  outlines  are  best  located  by  offsets  at  unequal 
intervals,  for  in  this  way  only  can  the  points  of  abrupt  change 
in  the  line  be  determined.  The  edge  of  a  bluff,  a  river  bank, 
or  any  other  irregular  line  can  be  located  by  running  a  transit 
line  near  it  and  taking  offsets  as  illustrated  in  Fig.  198  (c). 

(d)  In  locating  objects  by  offsets  remember  three  things: 

(1)  The  distaace  from  one  of  tb^  offsets  to  a  transit  station 
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(or  some  other  known  point  on  the  transit  line)  must  be  meas- 
ured.    If,  for  example  in  Fig.  198  (c),  the  distance  30  ft.  from 


StO.' 
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Fig.  198  (c). 
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Sta.  A  to  the  first  offset  were  not  measured,  the  rest  of  the 
work  would  be  useless. 

(2)  An  offset  should  be  taken  at  every  point  where  there  is 
an  abrupt  change  in  the  outline  to  be  located. 

(3)  Offsets  should  be  taken  to  all  points  of  the  outline  which 

are  farthest  from  or  nearest  to  the  transit  line. 

Note.  It  will  facilitate  plotting  (and  the  field  work  too)  if,  instead  of  mea- 
suring distances  between  offsets  as  shown  in  the  figure,  the  total  distance 
of  each  offset  from  the  transit  station  is  measured.  Thus,  starting  from 
Sia.  A,  the  successive  points  would  be  numbered  according  to  the  system 
explained  on  page  147,  +30,  +54,  +74,  1+04,  1  +  24,  1  +  49,  1  +  69, 
2+05.  This  shows  that  the  last  offset  is  205  ft.  from  Sta.  A,  and,  if  the 
remaining  distance  to  Sta.  B  is  now  measured  in  the  same  way,  the  result 
should  eaual  the  total  distance-  previously  found  by  chaining  between  A 
and  B.  This  is  a  valuable  check  on  all  the  intermediate  measurements 
along  the  transit  line  as  well  as  upon  the  total  measurement  itself.  In 
getting  the  plus  stations  no  arithmetical,  addition  is  necessary;  simply  stretch 
the  tape  its  full  length  each  time  and  read  the  plus  for  each  point  directly 
from  the  tape. 

199.  Locating  Objects  by  Measurements  Oblique  to  the 
Transit  Line. 

Illustration.  In  Fig.  199  (a)  and  Fig.  199  (6)  are  shown  two 
different  methods  of  locating  a  building,  each  of  which,  how- 
ever, depends  upon  the  same 
general  principle.  (Method 
I,  p.  4.)  In  Fig.  199  (a) 
points  d  and  e  are  two  points 
on  the  transit  line,  and  the 
distance    of    one    of    these    ^'' 


Fig.  199  (6). 


points  from  the  nearest  sta-^ 

tion  is  measured.     Point   e 

was  taken  on  a  line  with  one      Fig.  199  (a). 

side    of    the   building,    and 

point  d  is  any  convenient  distance  from  e.     The  comer  of  the 

building  is  then  located  by  the  distances  from  d  and  e.     In  Fig. 
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199  (6)  each  of  the  two  comers  of  the  building  nearest  the  tran- 
sit line  are  located  by  two  distances  ffom  points  {a  and  6  or  5 
and  c)  on  the  transit  line. 

In  Fig.  199  (a)  if  the  corner  /  of  the  building  had  been  a  con- 
siderable distance  from  the  transit  line,  in  place  of  the  51  ft. 
line  to  /  a  ^ Hie- line"  to  some  other  point  on  fe  could  have  been 
used,  thus  fixing  the  direction  of  fe.  The  ''tie-line"  answers 
the  same  purpose  as  measuring  the  angle  (p.  135,  Fig.  195  (b)), 
and  while  not  quite  as  accurate,  it  can  often  be  used  to  advan- 
tage. In  Fig.  199  (c)  another  illustration  of  the  use  of  ''tie- 
lines"  is  given. 

(c)  Use  of  tie-lines.  In  Fig.  199  (c)  the  intersection  o  of  two 
street-lines  is  located  from  Sta.  B  by  an  angle  and  distance  in 

the  usual  way.  No  other 
point  is  located  from  Sta.  B, 
the  street-line  cef  being  located 
by  a  second  point  taken  from 
some  other  station  not  shovm 
in  the  figure.  The  point  d 
determines  the  direction  of 
a  side  street.  Measure  from 
c  to  d  and  from  c  to  any 
other  point  e  on  the  line  of  The  length  of  the  ''tie-line"  de 
determines  the  angle  dee.  (Another  method:  produce  do  to  a, 
see  p.  136.)  In  a  similar  way  if  a  point  n  has  been  lined  in  by 
eye  with  a  division-fence,  a  tie-line  from  any  point  m  to  any 
point  o  will  determine  the  direction  of  the  fence  and  thus  avoid 
a  "set-up"  at  n. 

(d)  Offsets  oblique  to  the  transit  line.  In  Fig.  199  {d)  the 
points  d  and  c  on  the  transit  line  were  lined  in  by  eye  with  two 
sides  of  a  building,  and  the  dis- 
tances ad  and  be  were  measured. 
The  point  d  was  located  from  Sta. 
A,  and  the  building  was  measured 
up.  Notice  that  dc  was  not  meas- 
ured. This  method  is  not  geomet- 
rically correct,  for,  in  plotting,  the 
distance  ab  and  dc  are  assumed 
equal.  They  are  equal  for  all  prac- 
tical purposes,  since  this  method 

would  not  be  used  except  in  cases  where  the  transit  line  runs 


FiQ.  199  (c). 


Fig.  199  (d). 
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approidmately  parallel  to  the  side  of  the  house,  and  where  th^ 
map  will  be  plotted  to  such  a  small  scale  that  the  discrepancy 
between  the  lengths  of  db  and  dc  will  not  show. 

200.  Locating  Boundaries.  In  surveying  boundary-lines 
it  is  not  often  practicable  to  make  the  transit  lines  coincide  with 
the  boundary-  or  fence-lines;  they  are  therefore  run  around  the 
field  outside  or  inside  as  may  be  more  convenient.  It  is  not 
necessary  to  establish  the  transit  lines  parallel  to  the  boundary- 
lines,  although  when  it  is  desired  to  find  the  angle  at  the  in- 
tersection of  the  boundaries  it  may  be  well  to  do  so;  even  then, 
however,  it  is  not  really  necessary,  since  the  required  angles 
can  be  calculated. 


Fia.  200. 

Illustration,  In  Pig.  200  three  methods  are  shown  for  locating 
the  boundary-lines  of  the  same  plot  of  land.  It  is  assumed  that 
buildings,  fences,  or  other  obstacles  prevent  the  transit  lines 
(represented  in  the  figure  by  broken  lines)  from  being  estab- 
lished on  the  boundary-lines. 

(1)  Transit  lines  ABC^E  are  run  at  random,  and  each  comer 
of  the  plot  is  located  from  the  nearest  station  by  one  of  the  usual 
methods, — in  most  cases  by  angle  and  distance.     (See  p.  134.) 

(2)  Transit  lines  FGHIJ  are  parallel  respectively  to  corre- 
sponding boundary-lines,  and  the  corners  of  the  plot  are  located 
as  in  the  first  method;  or  each  boundary-line  is  located  by  offsets 
from  the  corresponding  transit  line.    (See  p.  138.) 

(3)  Any  convenient  rectangle  of  transit  lines,  as  KLMNO,  is 
established,  and  each  corner  of  the  plot  is  located  by  perpen- 
dicular distances  from  the  nearest  transit  lines. 

In  the  figure  the  transit  lines  in  each  case  are  shown  wholly 
outside  of  the  tract  surveyed.  If  more  convenient,  they  may  be 
wholly  inside  or  partly  inside  and  partly  outside. 

The  first  method  is  the  one  most  used  because  it  involves  the 
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least  field  work.  The  second  method  calk  for  extra  work  in 
establishing  the  transit  lines  parallel  to  the  boundaries,  but  it 
gives  the  angle  at  each  comer  of  the  plot  directly  without  com- 
putation. In  the  third  method  the  difficulty  lies  in  getting  the 
points  where  the  perpendiculars  from  the  corners  of  the  plot 
intersect  the  transit  lines,  especially  if  this  must  be  done  with 
considerable  precision,  but  when  it  is  desired  to  save  office  work 
at  the  expense  of  field  work  this  method  is  a  valuable  one.  It 
is  evident  that  much  time  is  saved  in  plotting  and  in  office 
computations. 

In  the  second  and  third  methods,  buildings,  fences,  and  other 
obstacles  may  render  it  difficult  to  establish  the  transit  lines, 
while  in  the  first  method,  since  the  transit  lines  are  run  at  ran- 
dom, obstacles  are  more  easily  avoided. 

This  illustration  shows  how  it  is  often  necessary  to  locate 
different  points  of  an  object  from  different  transit  stations. 
Thus,  for  example,  any  one  of  the  three  methods  could  be  em- 
ployed for  locating  a  large  building.  For  staking  out  a  building 
the  third  method  is  generally  used.     (See  p.  210.) 

(4)  The  lines  PQRS  illustrate  a  fourth  method,  which  is  not 
a  common  one,  but  which  can  be  used  sometimes  to  advantage 
where  conditions  are  favorable.  It  consists  simply  in  running  a 
transit  line  through  each  corner  of  the  lot,  and  measuring  along 
these  lines  to  the  respective  corners.  Not  much  work  is  saved 
in  the  field  by  this  method,  but  the  office  work  of  plotting  and 
of  calculating  the  area  is  simplified.  It  has  the  further  ad- 
vantage of  definitely  locating  each  comer  with  the  fewest  pos- 
sible measurements. 

In  the  Field  Notes  of  Chapter  XV  will  be  found  more  complete 
illustrations  of  the  use  of  transit  lines  for  locating  boundaries. 

201.  Practical  Application  of  Methods.  The  field  work  of 
locating  details,  involving  such  questions  as  which  methods  to 
use  and  how  to  apply  them,  is  discussed  in  the  next  chapter. 
A  careful  study  of  the  illustration  in  the  second  part  of  Chapter 
XV  on  Field  Notes,  especially  the  survey  for  an  electric  road 
(Illustrations  V  and  VI,  pp.  184-186),  and  the  siu^ey  of  a  city 
street  (Illustration  VII,  p.  188),  will  suggest  how  several  methods 
may  be  combined  in  practice.  It  is  well  worth  while  to  plot  the 
notes  referred  to  in  order  to  gain  an  idea  of  the  actual  field  work 
of  locating  details. 

202«  Summary.    Transit  lines  form  a  skeleton  upon  which 


METHODS  OF  LOCATING  DETAILS  143 

the  survey  is  built.  Details  are  located  from  the  nearest  or 
most  convenient  transit  line.  There  are  seven  methods  of  locat- 
ing any  point,  four  of  which  involve  the  measurement  of  one  or 
more  angles,  two  depend  upon  linear  measurement  only,  and 
one  upon  the  intersection  of  two  straight  lines.  No  one  method 
should  be  used  to  the  exclusion  of  all  others,  and  the  surveyor 
must  be  quick  to  see  which  is  best  adapted  to  his  purpose. 

1.  The  most  common  method  for  locating  a  point  is  that  by 
angle  and  distance.  It  is  quick  and  accurate,  and  should  ordi- 
narily be  used  for  points  near  a  transit  station,  when  measure- 
ments from  the  station  to  the  points  can  be  made  without 
difficulty.  For  a  number  of  such  points  angles  should  be  taken 
from  the  same  backsight.  One  angle  will  often  serve  to  locate 
several  points. 

2.  A  second  method  differs  from  the  preceding  in  that  the 
distance  to  the  point  located  is  measured  from  some  other  point 
instead  of  from  the  transit  station.  Used  when  it  is  more  con- 
venient to  measure  from  a  near-by  point  already  located  than 
to  measure  from  the  transit  station  itself. 

3.  A  thiid  method  for  locating  a  point  depends  upon  two 
angles,  one  taken  at  one  transit  station,  the  other  at  another 
transit  station,  with  the  line  between  the  two  stations  as  a  base- 
line. Two  transits  are  ordinarily  used,  althpugh  the  work  can 
often  be  done  with  one.  Used  for  locating  inaccessible  points 
or  points  too  far  from  transit  stations  for  linear  measurements 
to  be  taken.  Especially  adapted  to  locatirig  points  on  the 
water.  The  method  is  not  accurate  unless  the  base-line  and 
angles  are  measured  with  great  care.  With  ordinary  precautions, 
however,  it  answers  the  purpose  in  locating  unimportant  details. 

4.  A  fourth  method  involves  the  measuring  of  two  angles  at 
the  point  to  be  located.  The  angles  measured  are  formed  by 
three  lines  radiating  from  the  unknown  point  to  three  known 
points.  Used  for  hydrographic  surveying  and  similar  work. 
This  method  is  the  so  called  "three-point"  method. 

5.  A  fifth  m^thody  locating  points  by  offsets,  involves  h'near 
measurements  only.  Used  for  locating  objects  which  are  near 
a  transit  line  but  not  near  a  transit  station.  Especially  adapted 
to  locating  curves,  and  irregular  lines  such  as  river  banks,  and 
edges  of  bluffs.    Also  used  for  locating  buildings. 

6.  A  sixth  mMhod  is  that  in  which  each  point  is  located  by 
two  distances,  one  from  each  of  two  known  points.    This  method 
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is  quite  accurate,  and  is  often  more  convenient  to  use  than  one 
involving  the  measurement  of  angles.  The  *Hie-line,"  one  form 
.of  this  method,  will  often  save  setting  up  the  transit,  as  it  vir- 
tually determines  the  angle  required. 

7.  A  seventh  method  is  that  of  locating  a  point  by  two  inter- 
secting straight  hnes  from  four  known  points.  Used  princi- 
pally for  referencing  points,  but  it  can  also  be  used  to  some 
extent  in  locating  points. 

8.  No  matter  how  many  points  of  an  object  may  be  located, 
the  dimensions  of  the  object  itself  should  be  ascertained.  This 
means  that  lengths  of  boundary-hnes,  lengths  of  street-lines, 
and  lengths  of  all  other  important  lines,  especially  straight 
hnes,  should  be  measured  along  the  lines  themselves  in  addition 
to  locating  the  ends  of  the  lines  from  transit  stations. 

9.  Rectangular  objects^  such  as  buildings,  are  commonly  lo- 
cated in  one  of  the  following  ways:  (It  is  assumed  that  the 
dimensions  of  the  object  are  also  ascertained.)  (1)  By  angles 
and  distances  to  two  or  more  comers;  (2)  By  the  angle  and  the 
distance  to  one  corner  from  a  point  on  the  transit  hne  which  is 
also  in  line  with  two  corners  of  the  object,  one  of  which  is  the 
comer  located;  (3)  By  an  angle  and  distance  to  one  corner  and 
the  angle  (but  not  the  corresponding  distance)  to  another  comer; 
(4)  By  offsets;  (5)  By  producing  one  side  of  the  object  to  an 
intersection  with  the  transit  line  and  measuring  a'Hie-hne"; 
(6)  By  locating  two  comers,  each  by  two  distances  from  known 
points. 

10.  The  direction  of  a  street-line  or  a  division-fence  Hne  or 
any  similar  line  branching  from  the  main  survey  may  be  deter- 
mined by  producing  the  line  until  it  intersects  the  transit  line 
(or  some  other  known  line),  and  then  locating  one  additional 
point  on  the  line  by  angle  and  distance,  or  by  a  ^'tie-line." 

11.  Unbroken  curves  may  be  located  either  by  offsets,  or  by 
locating  controlUng  points  by  any  of  the  usual  methods. 

12.  Finally.  If  an  object  covers  considerable  ground,  it  may 
be  necessary  to  locate  different  parts  of  it  from  different  sta- 
tions or  different  transit  lines;  in  locating  long  lines,  such  as 
street-lines  and  boundary-lines,  this  is  especially  true.  In  lo- 
cating any  object  it  may  be  well  to  use  one  method  for  locating 
some  of  the  points,  and  another  method  for  locating  other 
points;  thus  a  combination  of  two  or  more  of  the  seven  methods 
may  be  used  often  to  good  advantage. 


CHAPTER  XIV 

TRANSIT  SURVEYING.     FIELD  WORK 

It  is  comparatively  easy  to  learn  the  theoretical  methods  of  running 
trmnsit  lines  and  of  locating  details  given  in  the  two  preceding  chapters. 
On  the  other  hand  the  judgment  required  for  choosing  methods  best  adapted 
to  the  work  in  hand,  and  the  skill  necessary  for  carrying  out  the  field  work 
with  accuracy  and  despatch,  can  only  be  acquired  from  a  long  and  varied 
experience  in  the  field.  It  is  not  desirable,  therefore,  to  lay  down  hard  and 
fast  rules  for  field  work.  The  most  that  can  be  done  is  to  outline  the 
routine  usually  followed,  and  to  discuss  in  a  general  way  practical  ques- 
tions which  arise  in  the  field. 


203,  Transit  Party.  Transitman,  chainmen,  flagman,  axe- 
man, and  others  who  work  together  as  one  party  in  making  a 
transit  survey.  The  size  of  the  party  depends  upon  the  nature 
of  the  work.  Two  men  may  constitute  a  transit  party,  but 
usually  three  can  work  to  better  advantage.  When  much  chain- 
ing has  to  be  done,  and  many  angles  taken,  a  party  of  four  or 
five  men  is  still  better.  Sometimes  several  transit  parties  are  at 
work  on  the  same  survey.  The  duties  of  each  member  of  the 
parfy  are  outlined  at  the  end  of  this  chapter. 

204.  The  Instruments  and  Equipment  for  a  surveying 
party  depend  upon  the  work  to  be  done.  For  ordinary  sur- 
veys the  different  members  of  a  transit  party  should  be 
equipped  as  follows: 

1.  Transitman.     Transit,  plumb-bob,  reading-glass. 

2.  Note-keeper.  Note-book,  pencil,  eraser,  straight-edge, 
scribbling-pad,  and  trigonometric  tables. 

3  and  4.  Chainmen.     Steel  tape,  chaining-pins,  plumb-bob. 
5.  Axeman  and  Flagman.     Axe,  stakes,  transit-pole,  crayon, 
tacks. 

In  addition  to  the  above  list  it  is  well  habitually  to  carry  in  the  pocket 
a  short  steel  tape,  reading-glass,  sharp  knife  with  screw-dnver  blade,  pad 
of  scribbling-paper,  string  or  spool  of  fine  wire,  pencil,  and  eraser. 

For  a  more  complete  Ust  of  instruments  and  equipment  consult  Part  IIL 
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205.  Sig;nals  in  common  use  in  surveying  are  as  follows: 

1.  In  "lining  in"  a  motion  is  made  with  one  hand  or  the 
other  in  the  direction  in  which  the  pole,  stake,  or  pencil  is  to 
be  moved:  a  vigorous  motion,  move  quite  a  distance;  a  slight 
motion,  a  small  distance. 

2.  Waving  the  arms  so  as  to  bring  the  hands  together  ever 
the  head  means  '^aJl  right." 

3.  When  the  transitman  wishes  a  rod  held  for  a  sight  he  raises 
an  arm  to  a  vertical  position. 

4.  The  left  arm  held  vertically  means  to  plmnb  the  rod  in 
that  direction;  the  right  arm,  plumb  in  the  opposite  direction. 

5.  When  a  transitman  is  through  with  a  flagman  for  the  time 
being,  but  is  likely  to  need  another  sight  on  the  same  point,  he 
simply  signals  all  right.  When,  however,  he  is  entirely  through 
and  wishes  the  flagman  to  ''come  in"  or  to  move  to  the  next 
station  he  waves  a  handkerchief.  Unless  there  is  some  clear 
understanding  on  this  point  a  flagman  is  apt  to  come  in  at  a 
signal  of  "all  right,"  and  thus  cause  needless  delay. 

5.  When  the  .flagman  holds  his  transit-pole  in  a  horizontal 
position  over  his  head  he  means  that  he  is  going  to  give  a  sight 
on  a  transit  station.  The  same  signal  is  used  when  establishing 
a  transit  station  to  indicate  that  the  tack  is  set  and  the  station 
completed. 

Additional  signals  are  often  used,  such,  for  example,  as  "give 
a  point  on  line"  and  "another  sight  wanted." 

Any  system  of  signals  may  be  used  in  place  of  those  given. 
It  is  a  matter  of  small  consequence  what  the  signals  are,-  pro- 
vided they  are  clearly  understood  by  every  member  of  the  tran- 
sit party.    Avoid  shouting:  it  is  an  evidence  of  "greenness." 

206.  Transit  Survey— General  Method.  Transit  lines,  run 
according  to  one  of  the  methods  of  Chapter  XII,  are  used  as 
reference-lines.  The  field  work  consists:  (1)  In  running  the 
transit  lines,  and  (2)  in  locating  points  of  the  survey  with  refer- 
ence to  those  transit  lines.  Keeping  notes  is  also  an  important 
part  of  the  work. 

The  work  of  running  the  transit  lines  and  of  locating  details 
may  be  carried  on  simultaneously,  or  the  entire  system  of  tran- 
sit lines  may  be  established  before  the  work  of  locating  details 
is  begun.  The  question  of  when  to  use  one  method  and  when 
to  use  the  other  has  already  been  discussed  on  pp.  132-133. 

207.  A  Transit  Station  may  be  any  well-defined  jKjint,  as 
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a  tack  in  a  stake,  a  nail  in  the  crack  of  a  curb,  or  an  X  scratched 
on  a  pavement.  If  a  stake  is  used,  it  should  be  driven  flush  in 
the  ground  and  a  guard-stake  put  near  it.  The  former  stake  is 
called  a  "hub."  A  transit  station  may  be  established  in  two 
ways: 

(1)  Its  position  may  be  chosen,  and  the  exact  point  marked 
before  any  sight  is  taken  on  it,  or  (2)  it  may  be  "sighted  in"  from 
the  transit,  as,  for  example,  when  a  station  is  to  be  established 
"on  line"  with  two  other  stations.  When  the  transit  station  is 
to  be  lined  in  the  flagman  first  holds  the  transit- pole  or,  better 
still,  the  stake  itself,  and  moves  it  into  line  in  accordance  with 
the  signals  from  the  transitman.  (See  Art.  205.)  Having  de- 
termined the  required  point,  the  stake  is  driven,  and  the  pole 
(or  a  pencil  if  it  can  be  seen)  is  again  held  to  find  the  exact  point 
on  the  stake  for  driving  the  tack.  In  rough  work  the  tack  is 
unnecessary,  the  stake  itself  answering  every  purpose. 

208.  Guard-stake.  A  stake  driven  partly  into  the  ground, 
a  foot  or  so  from  the  station,  so  that  the  station  itself  may  be 
easily  found  and  identified.  The  station  number  should  be 
marked  on  it  from  the  top  towards  the  bottom,  and  the  stake  should 
be  driven  on  the  left  of  the  transit  line,  so  that  the  number  may 
be  easily  read  as  one  walks  along  the  line.  If  it  is  driven  at  a 
slant  (with  top  inclined  away  from  the  station),  it  will  not  be 
mistaken  for  the  hub  itself,  and  the  lettering  is  more  easily  read 
than  if  the  stake  is  vertical.  If  for  any  reason  a  guard-stake 
near  a  station  is  likely  to  be  knocked  over,  it  may  be  driven 
a  few  feet  away  and  marked  accordingly,  as,  for  example,  Sta. 
15  (12  ft.  North).  Flat  stakes  are  often  used  for  guard-stakes, 
and  square  stakes  for  hubs. 

209.  Numbering  or  Lettering  Stations.  Stations  are 
usually  nvunbered  or  lettered  in  the  order  in  which  they  are 
established,  but  this  is  not  essential.  Numbering  is  better  than 
lettering  where  there  are  many  stations.  In  railway  work  and 
in  some  other  kinds  of  work  the  first  station  is  often  numbered 
aero,  and  the  other  stations  are  numbered  to  indicate  how  many 
feet  they  are  from  zero  measured  along  the  transit  line — one 
number  for  every  one  hundred  feet.  Thus:  15=  1500,  15  +  50=« 
1550,  15+83.5-=  1583.5,  16=1600  feet  from  zero,  and  so  on. 

Remark.  The  surveyor's  crayon  or  "keel,"  used  for  marking  stakes, 
differs  very  much  in  its  water-proof  qualities.  Test  by  markina  a  stake 
and  then  trying  to  wash  it  off.  Make  all  numerals  bold  ana  distinct, 
;  the  crayon  into  the  surface  of  the  wood. 
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2 1 0.  Choosing  a  Place  for  a  Transit  Station.  Do  not  clioose 

a  place  for  a  station  where  the  transit  is  easily  jarred  or  dis- 
turbed. Avoid  stations  close  to  car-tracks,  on  loose  planlcing^ 
soft  or  marshy  ground,  smooth  pavements,  or  other  places  ivJbere 
the  legs  of  the  tripod  are  easily  moved. 

Do  not  choose  a  station  where  the  line  of  sight  will  be  con- 
tinually obstructed  by  passing  wagons,  cars,  or  people,  if  it  can 
be  avoided.  '  In  a  crowded  city  street  the  survejdng  may  have 
to  be  done  very  early  in  the  morning. 

Illustration.  Near  the  curb  is  a  better  place  for  a  station  than  in  the 
midole  of  the  sidewalk,  and,  where  there  is  much  traffic,  stations  on  the 
same  side  of  a  street  are  better  than  on  opposite  sides.  Avoid  choosing  a 
station  where  it  will  be  destroyed  when  the  work  of  construction  begins. 

211.  Referencing  a  Station.     When  a  station  is  likely   to 
be  used  more  than  once  it  should  be  referenced,  so  that  if  lost 
or  destroyed  it  can  be  restored.    This  precaution  is  especially 
necessary  when  stations  are  where  carting,  excavating,  grading, 
and  other  construction  work  is  going  on.     Three  methods   for 
referencing  a  point  with  a  tape  are  illustrated  on  p.  54.      The 
third  method,  perhaps,  is  the  one  most  used  in  transit  surveying, 
since  the  four  points  of  reference  can  be  easily  estabUshed  from 
the  station  by  plunging  the  telescope.    These  points  of  reference 
are  usually  stakes  driven  flush,  with  a  tack  to  mark  each  point, 
located  at  random,  but  in  such  a  way  that  the  intersection  of 
the  two  lines  will  be  sharp  and  definite.    The  stakes  should,  of 
course,  be  set  where  they  are  not  hkely  to  be  disturbed,  and 
each  one  should  have  a  guard-stake.     A  scratch  on  a  pavement 
or  any  other  well-defined  point  that  would  answer  for  a  transit 
station  may  be  used  for  a  reference-point  in  place  of  a  stake. 
Marks  on  buildings,  nails  in  fences,  and  similar  points  are  often 
used  where  only  a  point  of  sight  is  needed. 

212.  Questions  of  Judgment.  (1)  Whsit  limits  of  error  to 
adopt,  i.e. ,  how  close  to  measure  angles  and  distances.  (2)  W?iere 
to  run  transit  lines,  i.e.,  the  general  plan  of  transit  lines.  (3) 
Method  of  running  transit  lines:  which  one  of  the  four  to  use. 
(i)  Method  of  locating  details:  which  is  the  best  for  any  given 
case.  (5)  Method  of  keeping  notes:  which  is  the  best  adapted 
to  the  work  in  hand.  These  closely  related  questions  ate  dis- 
cussed in  the  succeeding  articles. 

213.  Obstacles  to  Surveying  often  make  it  impossible  to 
do  the  field  work  in  the  usual  and  most  direct  way,  and  render 
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it  necessary  to  adopt  extreme  precautions  in  order  to  obtain 
even  an  ordinary  degree  of  accuracy.  A  line  runs  through  a 
tree;  a  distance  is  wanted  between  two  points,  but  a  house-cor- 
ner intervenes;  points  to  be  located  are  inaccessible.  Obstacles 
such  as  these  give  rise  to  special  problems  in  the  use  of  the  tape 
or  the  transit  or  both.  They  may  also  influence  the  surveyor 
in  deciding  some  of  the  questions  suggested  in  the  preceding 
article.  Problems  of  this  kind  which  occur  in  chaining  are 
explained  in  Chapter  VII.  Similar  problems  which  arise  in 
transit  work  are  explained  in  Chapter  XVIII. 

214.  The  Purpose  for  which  a  Survey  is  Made  is  the 
first  consideration  governing  the  field  work.  It  largely  deter- 
mines the  methods  used,  the  data  required,  the  limits  of  error 
adopted,  and  the  general  plan  of  the  field  work. 

lUtutralian.  If  a  map  is  to  be  made,  ask  yourself  what  will  it  be  used 
for,  and  to  what  scale  will  it  be  drawn?  (See  Art.  11,  p.  6.)  Are  there 
&ny  measurements  which  as  a  matter  of  record  should  be  more  accurate 
than  the  mere  plotting  of  the  map  requires?  (Art.  70,  p.  44.)  If  work  is 
being  staked  out,  how  will  the  stakes  be  used,  and  how  close  will  the  men 
who  use  them  work? 

215.  The  Relation  between  Field  Work  and  Office  Work 

is  so  close  that  questions  which  arise  in  the  field  can  often  be 
settled  by  the  bearing  which  they  have  upon  work  in  the  office. 
When,  for  example,  two  or  more  methods  of  field  work  seem 
equally  good,  consider  which  will  require  the  least  office  com- 
putation, or  which  is  the  best  for  plotting.  To  facilitate  office 
work  in  this  way,  by  forethought  in  planning  field  work,  does 
not  mean,  however,  that  it  always  pays  to  do  extra  field  work 
in  order  to  save  office  work.  Since  the  work  of  an  entire  tran- 
sit party  can  often  be  plotted  by  one  man  an  hour  in  the  field 
for,  say,  three  men  may  cost  as  much  or  more  than  three  hours 
in  the  office  for  one  man.  Moreover,  field  work  must  often  be 
done  in  a  Hmited  time  and  under  favorable  weather  conditions, 
while  the  corresponding  office  work  can  be  done  more  leisurely 
and  regardless  of  the  weather. 

216.  Where  to  Run  Transit  Lines  Much  depends  upon 
the  general  plan  of  the  transit  lines,  for  they  form  the  skeleton 
of  a  survey.  While  in  general  it  is  more  important  to  plan 
carefully  for  a  closed  system  of  transit  lines,  especially  if  it  is 
a  comphcated  network,  still  even  in  a  random  survey  which 
does  not  ck>Be  unnecessaiy  work  may  be  saved,  both  in  the 
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field  and  in  the  office,  by  judiciously  choosing  the  location  of 
transit  stations. 

When  possible,  transit  stations  should  be  so  chosen  that  the 
work  of  running  transit  lines,  locating  points  of  the  survey,  and 
plotting  the  map  is  reduced  to  a  minimum.  Before  beginning 
a  survey,  go  over  the  ground  and  note  the  most  important 
features  to  be  located.  Place  transit  stations  where  they  will 
be  of  the  most  use  in  locating  those  features.  If  the  main  pur- 
pose is  to  survey  boundary-hnes,  then  a  transit  hne  should  run 
near  each  boundary  (but  not  necessarily  parallel  to  it).  If 
buildings  are  to  be  located,  plan  to  have  stations  near  the 
buildings.  Obstacles  often  prevent  a  surveyor  from  running 
his  transit  Unes  just  where  he  would  like  to  run  them,  but  he 
can  usually  find  some  good  way  out  of  the  difficulty. 

See  if  the  transit  lines  can  be  run  readily.  Changing  a  sta- 
tion a  few  feet  one  way  or  the  other  may  save  unnecessary  field 
work  or  unnecessary  work  in  plotting.  Make  a  rough  sketch 
of  the  transit  lines  and  see  if  the  system  as  a  whole  is  well  bal- 
anced. Are  there  any  unnecessary  stations?  Are  distances 
between  stations  too  long  or  too  short  for  accurate  sighting? 
Are  there  any  unnecessary  obstacles  to  sighting  or  chaining? 
Half  an  hour  spent  in  choosing  transit  stations  may  save  hours 
of  field  work. 

(a)  lUustraiion — Boundary  Survey.      Fig.  216  (a)  illustrates    how  field 

work  and  office  work  are  affected  by  the  location  of  transit  lines.     The 

lines  1-2-3-4-5-6-7-1    are   boundary-lines, 

^__« — — . -^  and   the    question  is   where  to   run   the 

transit    lines.      They  can   be  located   in 
four  different  ways. 

1.  To  coincide  with  the  boundary-lines. 

2.  To  form  a  reference  rectangle,  as 
WXYZ. 

3.  To  form  a  polygon  each  side  of 
which  is  parallel  to  and  a  short  distance 
outside  or  inside  a  corresponding  bound- 

II',  fj         ^jj   j     ary-line.     (This  polygon  is  not  shown  in 

I     \  jC— — — ^"'t^^ '£  '     *li6  figure.) 

I    ^**  ^1 1  I         4.  To  form  any  convenient  polygon,  as 

sL JL .-V  ABCDEFA. 

(6)  Comparison    of   methods.     (1)  The 
Fig.  216  (a).  first  method,  theoretically  ideal,  is  often 

impracticable  because  of  existing  fences 
and  other  obstacles.  (2)^  The  second  method  facilitates  office  work,  but 
is  often  unsatisfactory  or  impracticable  in  the  field.  (3)  The  third  method 
involves  considerable  extra  field  work  in  establishing  each  transit  line  par- 
aUel  to  the  corresponding  boundary-line.  (4)  The  fourth  method  is  the 
one  most  used.  Its  chief  disadvantage  is  that  neither  the  length  of 
boundary-lines  nor  the  angles  at  the  comers  are  measured  directly.  They 
can  be  easily  found,  however,  by  computation,  and  if  desired  the  lengths 
of  the  boundary-lines  may  be  measured  in  addition. 

Note.     A  fifth  method  sometimes  used  is  discussed  on  p.  141. 

(c)  The  choice  of  Btationa  and  its  effect  on  field  work  and  office  work  are 
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further  illustrated  in  the  polygon  ABCDEFA.  Notice  that  station  B  was 
so  chosen  that  two  comers,  3  and  4,  could  be  located  from  it,  and  that  when 
the  transit  was  at  C  station  D  and  E  were  established  "in  Une."  In  this 
way  a  five-sided  polygon  is  made  to  answer  in  place  of  a  seven-sided  poly- 
gon, and  a  corresponding  gain  in  both  field  work  and  office  work  is  the 
result. 

(d)  The  relation  between  field  work  and  office  work  discussed  on  page  149  is 
illustrated  bv  the  third  and  fourth  methods.  Suppose  that  the  lengths 
of  the  boundary-lines  and  the  angles  at  the  comers  are  required.  If  the 
fourth  method  is  used,  they  must  be  computed.  Is  it  worth  while  to  save 
this  extra  ofiSce  work  by  running  parallel  transit  lines  according  to  the 
third  method?  The  computation  involves  finding  one  unknown  side  in 
each  of  seven  polygons.  For  example,  if  the  lengths  and  directions  of 
the  lines  2A,  AF,  and  ^1  are  known,  the  length  and  direction  of  the  miss- 
ing side  1-2  can  be  computed.  (See  Part  11.)  In  the  polygon  l-F-E-l 
the  missing  side  1-7  can  be  found  in  Uke  manner.  The  direction  of  1-2 
and  1-7  having  been  determined,  the  angle  2-1-7  is  easily  found.  The 
extra  office  work  involved  is  not  so  much  as  at  first  appears,  especially  if 
the  latitude  and  departure  method  is  used  for  plotting.  It  should  not  exceed 
in  this  particular  case  more  than  two  hours  for  one  man.  If  the  third  or 
parallel-line  method  is  used,  the  extra  field  work  involved  might  easily 
amount  to  more  than  two  hours  for  an  entire  party.  In  city  work  it  often 
pays  to  run  transit  lines  parallel  to  corresponding  street  lines,  but  with 
this  exception  the  third  method  is  not  generally  favored- 

217.  Methods  of  Running  Transit  Lines  have  already  been 
compared  in  Chapter  XII.  No  definite  rule  can  be  given  for 
choosing  the  method  best  adapted  to  the  work  in  hand,  but 
if  the  advantages  and  disadvantages  of  each  method  as  given 
on  pp.  127  to  130  are  understood,  it  is  not  a  difficult  matter  to 
decide  which  to  use.  In  general  it  may  be  said  that  for  work 
in  the  city  where  accuracy  is  required  and  where  the  magnetic 
needle  is  often  useless,  one  of  the  first  two  methods  (angles  or 
deflection  angles)  is  used.  Angles  can  then  be  measured  by 
repetition  or  in  series.  In  country  surveying  where  local  attrac- 
tion does  not  exist  to  so  great  an  extent,  and  where  less  accuracy 
is  required,  the  azimuth  method  is  often  used,  the  magnetic 
needle  furnishing  an  approximate  check  on  the  azimuths  of  the 
different  lines.  This  method  is  also  especially  adapted  to  stadia 
and  topographic  surveying.  On  the  other  hand,  when  the 
transit-line  angles  of  a  survey  must  be  measured  by  repetition 
or  when  the  stations  cannot  be  occupied  in  order,  the  azimuth 
method  should  not  be  used.  The  method  of  deflection  angles 
is  used  in  railway  work  and  is  a  favorite  with  many  engineers 
for  other  kinds  of  work.  Its  advantages  are  sometimes  over- 
estimated, esfjecially  as  it  is  subject  to  about  all  the  instru- 
mental errors.  The  quadrant  method  has  little  to  commend 
it.  In  extended  surveys  ^;wo  methods  are  often  combined. 
For  example,  in  topographic  surveys  primary  stations  are  often 
established  by  triangulation  (a  special  case  of  the  angle  method), 
and  from  these  controlling  stations  secondaiy  transit  linea  are 
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run  by  the  azimuth  method.     (See  chapter  on  Topographic  Sur- 
veying.) 

218.  Suggestions  for  Running  Transit  Lines.  Which- 
ever method  of  rumiing  transit  lines  is  adopted,  by  taking  a 
few  simple  precautions  the  transitman  can  be  reasonably  sure 
of  avoiding  serious  mistakes.  Instead  of  depending  entirely 
upon  his  own  care  and  vigilance  he  should  adopt  some  method 
of  procedure  by  which  a  mistake  will  become  self-evident  as 
soon  as  it  is  made.  This  usually  involves  doing  something  as 
a  check  that  otherwise  would  be  unnecessary,  but  the  extra 
time  required  is  trifling  compared  to  the  assurance  that  his 
work  is  free  from  blunders.  Indeed,  with  his  mind  thus  re- 
lieved from  unnecessary  strain,  the  transitman  will  usually 
work  more  quickly  and  accurately  than  he  otherwise  would. 

Precautions  are  taken  for  two  reasons:  (1)  to  insure  accu- 
racy and  (2)  to  avoid  actual  mistakss  or  blunders.  Sources  of 
error  in  manipulating  the  transit  are  pointed  out  on  p.  96,  and 
corresponding  precautions  can  be  taken.  Common  mistakes 
in  reading  angles  are  pointed  out  in  Chapter  VIII  and  sum- 
marized on  p.  97.  Two  precautions  in  manipulation  to  be 
emphasized  are:  (1)  After  backsighting  try  turning  the  plates 
gently  to  make  sure  that  the  lower  clamp  is  tight  before  taking 
the  foresight.  (2)  After  backsighting  take  the  foresight  on  the 
next  station  at  once,  and  leave  the  side  shots  until  afterwards. 
The  shorter  the  interval  between  backsight  and  foresight  the 
less  likely  is  the  instrument  to  be  disturbed. 

Checks.  A  system  of  checks  affords  assurance  that  precau- 
tions have  not  been  in  vain.  There  are  two  checks  which  may 
be  employed  in  any  method  of  running  transit  lines:  (1)  mag- 
netic bearings  and  (2)  setting  the  vernier  to  see  if  a  hne  strikes 
a  given  point  that  it  should  strike. 

(1)  Any  angle  may  be  roughly  checked  by  the  magnetic 
needle  regardless  of  local  attraction  (unless  the  latter  exists 
in  the  transit  or  about  the  person  of  the  transitman),  provided 
the  bearings  of  both  lines  are  read  at  the  same  station,  i.e.,  the 
back  bearing  of  one  line  and  the  forward  bearing  of  the  other. 
Where  local  attraction  does  not  exist,  however,  it  is  better  to 
calculate  bearings  in  continuous  form.     (See  p.  126.) 

In  this  case  make  sure  of  some  correct  magnetic  bearing  at 
the  beginning  of  the  survey  by  reading  the  needle  at  each  end 
of  a  line,  and  assume  this  bearing  as  the  basis  of  all  calculated 
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(p.  126).  In  a  closed  survey  the  discrepancy  between 
this  assumed  bearing  and  the  calculated  bearing  of  the  same 
line  is  the  error  in  the  sum  of  the  interior  angles,  an  error  which 
may  also  be  detected  by  the  check  on  p.  119. 

(2)  After  measuring  any  important  angle  the  vernier  may 
be  set  at  zero  to  see  if  the  line  of  sight  still  strikes  the  back- 
sight. In  this  way  if  the  clamp  has  slipped  or  a  wrong  tangent- 
screw  has  been  turned  or  the  transit  has  been  disturbed,  the 
movement  of  the  lower  plate  becomes  evident.  A  slight  devia- 
tion from  the  original  backsight,  due  to  inaccuracy  in  setting 
the  vernier,  is  of  course  to  be  expected.  The  work  will  be  fa- 
cilitated if  a  permanent  backsight  is  established. 

When,  in  addition  to  the  usual  angle,  side  shots  have  been 
taken,  before  leaving  the  station  the  vernier  may  be  set  at  the 
original  angle  reading  to  see  if  the  line  of  sight  strikes  the  fore- 
sight. This  is  a  double  check:  (1)  any  movement  of  the  lower 
plate  while  the  side  shots  were  being  taken  becomes  evident, 
and  (2)  any  mistake  in  the  original  angle  reading  is  likely  to  be 
detected. 

219.  Methods  of  Procedure  in  Running  Transit  Lines. 
Method  of  procedure  implies  systematic  precautions  and  checks, 
such  as: 

(1 )  Precautions  in  the  manipulation  of  the  transit,  p.  95. 

(2)  Precautions  in  reading  angles,  p.  96. 

(3)  Precautions  to  eliminate  instrumental  errors  of  adjust- 
ment and  of  faulty  graduation  or  construction,  pp.  99-101. 

(4)  Precautions  to  prevent  or  forestall  slight  displacement 
of  the  transit. 

(6)  Checks  to  detect  displacement  of  the  instrument  or  mis- 
takes in  manipulation. 

(6)  Checks  to  detect  mistakes  in  reading  angles. 

Any  method  of  procedure  may  be  used  which  accomplishes 
the  desired  result  without  waste  of  time,  but  it  is  wise  to  adopt 
some  one  method  and  stick  to  it,  for  then  in  many  of  the  opera- 
tions the  mind  will  come  to  work  automatically,  which,  in  itself, 
is  an  efficient  means  of  avoiding  mistakes.  It  will  be  found 
necessary,  however,  to  adopt  different  methods  of  procedure 
corresponding  to  the  four  methods  of  running  transit  lines. 

Those  suggested  in  this  article  are  adapted  to  ordinary  work 
where  great  precision  is  not  required,  and  each  method  should 
be  modified  to  suit  conditions.    When  producing  straight  lines 
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the  best  check  is  that  furnished  by  the  method  of  double  re- 
verse (p.  92). 

Remark. — Surveyors  differ  as  to  minor  details,  but  there  is  a  general 
agreement  as  to  the  value  of  having  a  fixed  method  of  procedure.  Those 
outlined  below  are  likely  to  seem  somewhat  intricate  to  the  student,  and 
hardly  worth  while  following  in  all  their  details,  but  this  is  apt  to  be  the 
case  where  any  op)eration  in  the  field  is  described  in  print.  As  a  matter 
of  fact  the  methods  are  simple,  and  after  a  little  practice  the  extra  steps 
taken  as  precautions  or  checks  become  instinctive.  This  book  contains 
no  better  "pointer"  for  inexperienced  transitmen  than  this:  Adopt  tome 
method  of  procedure  well  adapted  to  your  work  and  stick  to  it  in  all  its  details; 
it  will  save  mistakes,  relieve  the  mind  of  unnecessary  strain,  and  inspire 
confidence  in  results. 

Methods  of  procedure  corresponding  to  different  methods  of 
running  transit  lines  are  given  below.  In  each  case  the  method 
of  procedure  indicates  what  the  transitman  actually  does  at 
any  one  station,  from  the  time  he  has  finished  setting  up  the 
transit  until  he  is  ready  to  move  to  the  next  station.  The  extra 
steps  taken  as  checks  or  precautions  are  indicated  in  italics  to 
distinguish  them  from  those  that  are  absolutely  necessary. 

220.  Method  of   Procedure  for   Direct-angle    Method. 

Suggestions.  (1)  Use  a  transit  graduated  clockwise  from 
(f  to  360°  and  take  all  angles  clockwise:  saves  confusion  in 
reading  and  recording  angles.  (2)  Invariably  read  the  A  vernier, 
consulting  the  B  vernier,  if  at  all,  merely  as  a  check:  avoids 
mistakes  of  180°  in  reading  angles. 

(a)  Method  of  procedure  when  angles  are  not  doubled. 
(1 )  Set  the  A  vernier  at  360°, — or,  if  at  zero,  make  sure  that  it  is 
the  zero  corresponding  to  360°.     (See  p.  75.) 

(2)  Backsight;  glance  to  see  if  A  vernier  is  still  at  zero;  see  if 
the  hack  hearing  agrees  with  the  forward  hearing, 

(3)  Test  to  see  if  clamps  are  tight;  foresight  immediately  on 
the  next  station  before  the  transit  is  likely  to  be  disturbed; 
establish  a  'permanent  fores^'ght. 

(4)  Read  and  record  the  angles. 

(5)  Read  and  record  the  forward  hearing  (from  the  needle).  - 

(6)  Calculate  and  record  the  forward  bearing  and  see  if  it  agrees 
with  the  magnetic  bearing. 

(7)  Take  all  side  shots. 

(8)  Set  the  vernier  at  the  original  angle  reading  and  see  if  the 
line  of  sight  strikes  the  permanent  foresight.    (Double  check.) 

Comments.  Instead  of  relying  upon  the  needle  for  a  check,  the  transit- 
line  angle  and  any  other  important  angle  mav  be  doubled:  this  is  the 
surest  check.  If  the  extra  time  required  for  doubling  angles  is  not  war- 
ranted and  it  is  desired  to  use  the  needle  as  a  check,  the  azimuth  method 
is  better  adapted  to  the  purpose,  provided  stations  can  be  occupied  in 
regular  order. 

(6)  Method  of  procedure  when  angles  are  doubled.  The 
first  four  steps  are  the  same  as  in  the  preceding  method  except 
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that  no  attention  is  paid  to  the  needle  in  backsighting,  and  a 
permanent  backsight  is  established  in  (2)  instead  of  a  permanent 
foresight  in  (3). 

(5)  Double  the  angle;  record  the  double  value,  and  see  if  it 
agrees  with  the  single  reading. 

(6)  Set  the  A  vernier  at  360°  again,  backsight  as  b^ore,  and 
take  all  side  shots. 

(7)  Set  the  vernier  at  360^  to  see  if  the  line  of  sight  strikes  the 
backsight. 

221.  Method  of  Procedure  for  Deflection-angle  Method. 

Stiggestion.  Use  a  transit  graduated  according  to  the  quad- 
rant method  (see  p.  75),  and  make  sure  that  the  line  of  col- 
limation  is  in  adjustment. 

(a)  Method  op  procedure.  (1)  Set  the  A  vernier  at  0°; 
glance  at  the  B  vernier  to  see  that  it  is  opposite  180°  {and  the  corre- 
sponding 0°). 

(2)  Backsight;  glance  to  see  if  the  A  vernier  is  still  at  0°;  see 
if  hax:k  bearing  agrees  with  forward  bearing. 

(3)  Test  to  see  if  clamps  are  ti^ht;  plunge;  foresight  imme- 
diately  on  the  most  important  pomt,  usually  the  next  station; 
make  a  mental  note  whether  the  angle  is  "right"  or  *'left"; 
establish  a  permanent  foresight. 

(4)  Read  the  «,Djgle  from  the  B  vernier,  verifying  the  direction 
(right  or  left)  previously  noted;  record  the  angle,  making  sure  it 
is  in  the  proper  column  ^^lefV^  or  *'right." 

(5)  Read  and  record  the  magnetic  bearing. 

(6)  Calculate  and  record  the  forward  bearing,  and  see  if  it 
agrees  with  the  magnetic  bearing. 

(7)  Take  all  side  shots. 

(8)  Set  the  B  vernier  at  the  original  deflection  angle  and  see  if 
the  line  of  sight  strikes  the  permanent  foresight.     (Double  check.) 

fb)  Additional  ntggeations.  (1)  It  makes  no  difference  whether  the 
telescope  is  normal  or  inverted  when  backsighting  if  the  }imb  is  graduated 
in  quadrants  (p.  75).  When,  however,  the  limb  is  graduated  according 
to  the  half -circle  method  (p.  73)  make  it  a  point  to  have  the  telescope 
inverted  when  backsighting  and  normal  when  foresighting,  so  as  to  bring 
the  A  vernier  under  the  eyepiece  when  reading  angles  (p.  73).  In  using 
such  a  transit  a  very  valuable  check  is  to  observe  and  record  both  A  and 
B  vernier  readings:  their  sum  should  always  equal  180°. 

(2)  Some  engineers  double  important  angles  instead  of  relying  upon  the 
needle.  This  fuso  eliminates  error  in  the  line  of  collimation.  (See  p.  100.) 
In  this  case  establish  a  permanent  backsight  in  (2)  instead  of  foresight  in 
(3). 

(3)  When  calculated  bearings  are  kept  the  following  check  may  be  em- 
ployed: 

Check  on  the  calculated  hearings.  Add  all  angles  to  the  left;  add  all 
angles  to  the  ri|^t ;  the  difference  of  these  two  sums  applied  to  the  bear- 
injr  of  the  first  une  should  give  the  calculated  bearing  of  the  last  line. 

lUuatraHon.  1-2-N.  42«»  18'  E.  2-3  =  16°  21'  (R.),  3-4  =  18°  20'  (L.), 
4-6-28°  30'  (L.),  6-6  =  81°  19'  (R.),  6-7  =  8°  11'  (R.).  Hence  bearing  of 
6-7  =  (16°  21'  +  81°  19^+8°  ll')-(18°  20'  +  28°  30')  =  59°  01'  to  be  applied 
to  N.  42*  18'  E.  Since  59°  01'  is  R.  (clockwise)  it  is  added  to  N.  42°  18'  E. 
and  the  bearing  of  6-7  is  S.  78°  41'  E.  Verify  this  bearing  by  calculating 
H  in  the  usual  way. 
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222.  Method  of  Procedure  for  the  Azimuth  Method. 

Suggestions,  Use  a  transit  graduated  clockwise  from  0®  to 
360°,  and  invariably  read  the  A  vernier.  As  one  advantage  of 
this  method  is  the  ease  with  which  azimuths  are  checked  by 
the  needle,  make  sure  that  the  latter  is  in  good  working  order, 
and  that  proper  precautions  are  taken  in  getting  the  azimuth 
of  the  first  line.     (See  p.  123.) 

(a)  Method  of  procedure,  first  azimuth  method,  p.  121. 
(1)  Glance  at  the  vernier  to  see  if  it  is  stiU  set  ai  the  forward  azir- 
miuh;  plunge  and  backsight  on  the  preceding  station. 

(2)  Test  to  see  if  the  clamps  are  tight;  plunge;  foresight  on 
the  next  station;  establish  a  permanent  foresight. 

Note.  In  these  first  two  steps  make  it  a  point  always  to  have  the  tele- 
scope inverted  when  backsighting  and  nonnat  when  f oresighting. 

(3)  Read  and  record  the  azimuth;  check  the  azimuth  by  the 
needle  reading^  and  record  this  magnetic  bearing, 

(4)  Take  all  side  shots,  checking  one  now  and  then  by  glanc- 
ing at  the  needle. 

(5)  Set  the  vernier  at  the  forward  azimuth  and  see  if  the  line 
of  sight  strikes  the  permanent  foresight.  If,  as  is  usually  the 
case,  the  line  of  sight  is  slightly  off,  say  the  wid^h  of  the  pole, 
brinjg  it  on  with  the  upper  tangent-screw,  thus  automatically 
setting  the  vernier  for  the  next  set-up.  The  vernier  reading 
should  still  agree  with  the  forward  azimuth  originally  recorded. 

(6)  Note.  The  same  system  of  checks  mav  be  used  for  the  second  azi- 
mutn  method  (p.  122).  In  the  above  method  of  procedure  any  movement 
of  the  lower  plate  occurring  between  the  backsight  and  the  first  foresight 
to  the  next  station  would  not  be  detected.  The  check  for  this  would  be 
to  set  the  vernier  at  the  azimuth  of  the  preceding  Une,  plunge  and  see  if 
the  line  of  sight  strikes  the  backsight.  This  comd  be  aone  immediately 
after  foresighting  on  the  next  station,  or  it  could  be  deferred  until  after 
the  side  shots  were  taken.  When  doubtful  whether  or  not  the  transit  has 
been  oriented  correctly,  set  the  vernier  at  zero:  the  north  end  of  the 
needle  should  point  to  N.  This  is  only  a  rough  check*  but  it  will  disclose 
any  large  error. 

(c)  ^ote.  In  beginnirg  the  survey  it  is  necessary  to  decide^  which  of 
the  three  methods  to  use  in  obtaining  the  azimuth  of  the  first  line.  (See 
p.  124.)  Unless  a  north-and-south  meridian  is  chosen,  the  advantage  de- 
rived from  using  the  magnetic  needle  as  a  cheek  is  lost,  and  since  in  the 
ordinary  survey  it  does  not  pay  to  establish  a  true  north-andnsouth  line  by 
observation,  a  magnetic  north-and-south  line  is  the  reference  meridian 
most  often  used. 

{d)  The  method  of  procedure  for  the  quadrant  method 
(p.  125)  is  simply  a  modification  of  the  method  of  procedure  for 
the  azimuth  method,  and  will  suggest  itself  after  studying  the 
preceding  article. 

223.  Methods  of  Locating  Details  have  been  given  in  the 
preceding  chapter.  The  two  most  used  are  the  method  by 
angle  and  distance  and  the  method  of  offsets,  but  one  of  the 
other  five  methods  can  often  be  used  to  advantage.    The  ac^ 
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curacy  required  will  frequently  help  to  determine  which  method 
to  employ.  When,  so  far  as  accuracy  is  concerned,  there  seems 
to  be  no  choice,  it  is  usually  a  question  of  time.  If,  for  exam* 
pie,  the  transitman  is  busy  and  the  chainmen  are  not,  it  may 
save  time  to  locate  a  point  by  some  method  which  does  not 
involve  the  measurement  of  angles.  For  the  same  reason, 
methods  of  locating  details  which  save  unnecessary  ''set-ups" 
of  the  transit  are  often  used.  (See  p.  140.)  Sometimes  the 
surveyor  is  practically  limited  to  one  method,  as,  for  example, 
in  locating  inaccessible  points  by  angles  (p.  137)  or  in  locating 
irregular  lines  (such  as  river  banks)  by  offsets  (p.  139).  Some 
obstacle  to  measurement  or  to  the  Une  of  sight  often  compels 
the  use  of  a  method  different  from  the  one  which  would  ordi- 
narily be  used,  as,  for  example,  in  locating  a  point  on  the  fence* 
line  (p.  135).  If  the  student  will  acquire  a  working  knowledge 
of  aU  the  methods  of  locating  details  explained  in  the  preced- 
ing chapter,  he  will  soon  learn  by  actual  experience  which 
method  to  chose  in  any  given  case. 

In  locating  any  detail  select  points  which  will  best  serve  the 
purpose.  Thus,  for  example,  in  locating  a  building  choose  a 
long  side  in  preference  to  a  short  side,  so  that  the  corners  located 
may  be  as  far  apart  as  possible. 

Do  not  locate  points  unnecessarily.  For  example,  do  not 
locate  both  rails  of  a  track,  but  take  points  on  the  gage-line  of 
one  rail,  and  make  a  note  of  the  gage.*  Sometimes  it  is  better 
to  locate  the  center-line  of  track,  as  is  done  in  staking  it  out. 

In  filling  in  the  details  of  a  survey  it  is  often  a  waste  of  time 
to  take  all  measurements  with  equal  accuracy.  It  is  far  better 
to  keep  in  mind  what  each  angle  or  distance  will  be  used  for, 
and  measure  it  with  corresponding  accuracy.  Measurements 
required  solely  for  plotting  may  be  taken,  as  a  rule,  with  less 
precision  than  those  needed  for  permanent  record,  and  meas- 
urements taken  to  fix  the  position  of  an  object  are  usually  less 
important  than  measurements  of  the  object  itself.  This  is 
especially  true  if  the  scale  of  the  map  is  small.  Thus,  for  ex- 
ample, suppose  that  several  buildings  stand  on  a  piece  of  land. 
The  map  will  be  plotted  to  a  scale  of  1  inch «  50  ft.  An  error 
of  i  ft.  in  the  relative  positions  of  the  buildings  will  hardly 
show  on  the  map.  Measurements  made  solely  for  plotting  the 
buildings  and  the  comers  of  the  boundaries  could,  therefore,  be 
*  The  gage-line  Is  a  Une  on  the  inside  of  the  rail  i"  below  the  top. 
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made  to  the  nearest  foot  On  the  other  hand,  if  the  dimensions 
of  the  buildings  and  the  lengths  of  the  boundary-lines  are  to  be 
recorded  on  the  map,  or  are  to  be  preserved  elsewhere  as  a  mat- 
ter of  record,  they  should  be  measured  with  greater  accuracy. 
Rough  measurements  will,  of  course,  suffice  for  indefinite  de- 
tails, such  as  banks  of  streams  or  stone  walls,  and  for  temporary 
objects,  such  as  walks  and  driveways. 

Locating  street-lines.  In  the  larger  cities  it  is  customary  to 
set  stone  monuments  or  merestones  at  street-comers,  thus  mark- 
ing the  intersection  of  street-lines.  In  small  towns,  however, 
and  in  country  highways  the  surveyor  must  often  depend  upon 
existing  fences  or  upon  whatever  information  he  can  gather 
from  old  maps,  old  landmarks,  and  other  sources.  On  the  other 
hand  it  cannot  be  taken  for  granted  that  existing  fences  are 
on  the  street-lines,  for  it  is  a  common  experience  to  find  that 
they  are  not. 

Practical  miggesHons.  (1)  When  a  definite  object  such  as  a  building  is 
located,  remember  that  the  work  is  not  completed  until  the  object  is 
"measured  up,"  i.e.,  enough  dimensions  obtained  to  plot  it.  (2)  If  the 
two  ends  of  a  boundary-Une  are  located,  it  is  a  good  rule  to  measure  the 
actual  length  of  the  Une  as  a  check  and  as  a  matter  of  record.  (3)  Tran- 
sitman,  note-keeper,  and  chainmen  must  all  cooperate  to  prevent  the  too 
common  mistake  of  measuring  to  one  point  of  an  object  and  then  through 
carelessness  taking  the  angle  to  some  other  point  or  vice  veraa.  (4)  A 
common  mistake  in  note-keeping  is  to  interchange  the  ancles  or  the  diis- 
tances  to  two  points  so  that  the  angle  to  one  point  and  the  distance  to 
another  point  are  recorded  as  if  they  were  taken  to  the  same  point.  (5)  In 
measuring  from  a  transit  station  to  a  number  of  near-by  points  it  is  Teell 
to  have  tne  zero  end  of  the  tape  at  the  station.  If  the  tape  is  not  grad- 
uated to  decimals  of  a  foot  throughout,  but  only  the  end  foot  is  subdivided, 
the  chainman  who  is  not  at  the  station  will  simply  read  the  whole  number 
of  feet;  the  chainman  at  the  station,  pulling  the  tape  taut,  notes  the  deci- 
mal of  a  foot,  and  after  subtracting  one  foot  from  the  other  chainman's 
reading,  gives  the  final,  reading  (p.  34).  C6)  In  taking  a  large  number  of 
side  shots,  sight  occasionally  at  the  permancmt  backsight  to  see  if  the 
transit  has  been  disturbed.  (7)  Keep  in  mind  the  relation  between  an- 
gular and  linear  measurement  pointed  out  on  p.  108.  Thus,  for  example, 
one  minute  is  equivalent  to  only  0.03  ft.  at  100  ft.  from  the  transit  or 
0.3  ft  at  1000  ft. ;  likewise  one  inch  at  a  distance  of  100  ft.  from  the  tran- 
sit may  cause  an  angular  error  of  3  minutes,  while  at  1000  ft.  an  inch  is 
equivalent  to  only  15  seconds  (p.  105). 

Question.  If  a  comer  of  a  building  is,  say,  50  ft.  from  a  transit  and  the 
building  is  .to  be  plotted  to  a  scale  of  1"'=»100  ft.,  can  the  anjgle  to  the 
comer  be  read  from  the  Umb  with  sufficient  accuracy  for  plotting,  ignor- 
ing the  vernier  reading? 

224.  Staking  Out  Work,  i.e.,  setting  stakes  for  construction, 
is  the  reverse  of  locating  objects  which  already  exist;  hence  much 
that  applies  to  the  location  of  details  applies  to  this  kind  of 
work  also.  The  chief  difficulty  that  the  young  surveyor  en- 
counters is  in  knowing  what  stakes  will  be  needed  by  the  con- 
tractor. This  knowledge  is  best  gained  from  long  experience, 
from  conversations  with  foremen,  and  from  actual  observation 
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of  what  is  actually  needed  in  various  lines  of  construction.    Each 

piece  of  work  is  a  problem  in  itself,  but  a  few  general  suggestions 

may  be  given  which  apply  to  nearly  all  kinds  of  work.     In 

Chapter  XVII  a  number  of  examples  of  special  work  in  staking 

out  buildings,  roads,  bridge  piers,  and  other  objects  show  how 

these  suggestions  are  carried  out  in  practice. 

General  auggeations.  (1)  It  is  better  to  give  a  few  points  which  will 
determine  the  main  lines  of  a  structure  than  to  give  so  many  points  that 
tbey  are  likely  to  be  confused  *  hence  do  not  give  lines  which  the  foreman 
ean  easily  establish  for  himself. 

(2)  Where  excavation  is  required  it  is  often  best  to  give  lines  roughly 
At  first  for  digging, — more  accurately  afterwards.     (Art.  265,  p.  208.) 

(3)  Set  stsk^s  where  they  are  least  likely  to  be  disturbed  during  con- 
struction, yet  near  enough  to  the  object  so  that  they  are  convenient  for 
me. 

C4)  For  buildings,  masonry  structures,  and  certain  other  kinds  of  work 
where  elevations  as  well  as  lines  are  required,  batter-boards  are  used  in 
place  of  stakes.     (See  Art.  265,  p.  208.) 

(5)  Any  important  point  which,  if  destroyed  during  construction,  could 
not  be  re-established  readily  should  be  referenced  (p.  148).  This  may  often 
be  done  by  setting  nails  or  marking  points  where  lines  prolonged  strike 
neishboring  fences  or  buildings.     (See  Fig.  266(a),  p.  210.) 

(o)  So  far  as  possible  follow  a  uniform  system  of  giving  points,  even  for 
different  contractors :  saves  confusion  in  the  office  and  in  the  field.  Thus, 
for  example,  in  staking  out  a  lon^  retaining- wall,  do  not  set  stakes  a  cer- 
tain distance  in  front  of  a  neat  hne  at  one  place  and  back  of  it  at  some 
other  place,  but,  if  possible,  set  stakes  at  the  same  distance  on  the  same 
side  of  the  same  neat  line  throughout  the  length  of  the  wall. 

(7)  So  plan  the  location  of  stakes  and  points  that  no  serious  delay  will 
follow  if  one  here  and  there  is  knocked  out  or  covered  up,  or  rendered 
i»eless  for  purposes  of  sighting  by  intervening  piles  of  material.  One 
method  of  accomplishing  this  is  to  plan  for  at  least  two  different  ways  of 
arriving  at  or  locating  each  important  point.  In  large  works  of  construc- 
tion such  a  plan. is  of  great  advantajge,  and  saves  work  which  would  other- 
wise be  necessary  in  referencing  points. 

(8)  A  sketch  in  the  field  notes  should  show  the  location  of  all  important 
stakes  and  reference  points  so  clearly  that  they  can  be  found  and  used 
hy  a  surveyor  who  did  not  see  them  set. 

(9)  Have  some  good  system  of  marking  the  stakes  themselves,  one 
readily  understood  by  the  contractor.  Suggestions  for  marking  ^*ade- 
stakes  will  be  found  in  the  chapter  on  Leveling, — Field  Work. 

225,  Field  Notes.  In  the  next  chapter  some  of  the  forms 
of  field  notes  used  in  transit  surveying  are  given,  and  the  dif- 
ferent methods  of  keeping  notes  are  discussed.  It  is  not  so 
important  which  method  is  used  as  it  is  essential  that  the  notes 
be  clear  and  self-explaining,  so  that  any  intelligent  draftsman 
can  plot  them.  There  is  little  excuse  for  notes  so  obscure  and 
confused  that  only  the  man  who  took  them  can  understand 
them.  • 

226.  Errors  and  Limits  of  Error.  To  come  within  a  given 
Kmit  of  error  in  transit  surveying  both  linear  and  angular  errors 
must  be  under  control  within  fixed  limits.  The  most  important 
points  brought  out  in  the  discussion  of  errors  (Chapters  II,  V, 
and  X)  may  be  summarized  as  follows: 
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1.  The  true  error  of  any  measurement  is  never  known,  but 
it  can  be  estimated  from  the  discrepancy  between  duplicate 
measurements  or  horn  probable  errors.  The  more  completely 
constant  errors  are  eliminated  the  more  nearly  can  the  precision 
of  the  work  be  estimated. 

2.  Accidental  or  compensating  errors,  as  a  rule,  are  less  im- 
portant than  constant  or  cumulative  errors. 

3.  Not  only  should  the  methods  of  eliminating  or  correcting 
errors  from  different  sources  be  understood,  but  the  relative 
importance  of  the  errors  should  be  known  also.     (Art.  69,  p.  43.) 

4.  Field-work  requirements  corresponding  to  the  aoopted 
limitoferror  should  b3  kept  in  mind.     (Art.  76,  p.  51.) 

5.  Consistent  accuracy  implies  the  correlation  of  linear  and 
angular  errors.     (Art.  162,  p.  109.) 

6.  Customary  limits  of  error  should  be  adopted  so  far  as  the 
conditions  governing  a  survey  will  permit,     (p.  46  and  p.  108.) 

7.  Not  all  the  work  of  a  survey  is  done  with  the  same  pre- 
cision. For  example,  an  error  in  the  transit  lines  affects  the  whole 
survey,  while  an  error  in  locating  a  detail  may  only  affect  a 
single  point;  hence  the  greater  need  of  precision  in  running 
transit  lines.  Make  the  accuracy  of  each  step  in  the  field  work 
correspond  to  its  importance. 

8.  Limits  of  error  should  not  be  followed  blindly.  The  best 
surveyor  is  not  he  who  does  all  his  work  with  great  precision, 
but  he  who  does  it  just  accurately  enough  for  the  purpose  with- 
out waste  of  time  and  money. 

227.  Permissible  Error  of  Closure.  (See  Art.  176,  p.  119, 
for  definition.)  Let  l=the  difference  between  the  sums  of  the 
north  and  south  latitudes,  and  d  the  difference  between  the 
sums  of  the  east  and  west  departures,  found  by  the  methods 
explained  in  the  chapter  on  Latitudes  and  Departures,  Part  II; 
then  the  error  of  closure  E=\/P-{-d'^.    This  error  is  usually 

E 
expressed  as  a  ratio  -5,  whei*e  P  is  the  total  length  of  the  pe- 
rimeter. For  ordinary  transit  work  this  ratio  should  seldom  be 
more  than  1 :  1000,  and  in  city  work  should  average  not  less  than 
1 :  5000.  In  some  cities  the  limit  is  from  1 :  10  000  to  1 :  15  000 
for  precise  traverses  with  repeated  angles.  This  is  probably  as 
high  a  degree  of  precision  as  should  be  required  in  traverses  run 
with  a  transit  and  steel  tape. 

A  general  formula  may  be  derived  as  follows :    Let 
JV-=  number  of  sides  to  the  polygon,  also  ntimber  of  interior  angles] 

c  =  coefficient  of  chaining  adopted  for  one  tape-length; 
Ee  *»  that  part  of  the  error  of  closure  due  to  chaining ; 
£a—    "       ••••••      ♦•     •♦       •«        ••    ♦•  angular  measurements 

<=» length  of  tape; 

a— permissible  error  in  one  angle. 
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From  Art.  71*  p.  45» 


E 


Ec==c\/N'-cVj. (1) 

The  error  for  any  one  side  due  to  angular  measurement  will  be  propor- 
tional to  the  length  of  that  side  and  hence  for  the  whole  perimeter  it  will 
be  the  total  angular  error  times  the  length  of  the  perimeter.  But  from 
p.  110  the  total  error  in  the  sum  of  the  interior  angles  may  be  expected  to 
be  a\/N;  hence  Ea^a^/NXP,  Since  an  angular  error  of  one  minute  =- 
0.0003  ft., 

^a  =  0.0003aP\/iV. (2) 

The  error  from  the  combined  sources  from  the  theory  of  errors  may  be 
the  square  root  of  the  sum  of  the  squares  of  the  separate  probable  errors, 
p.  18;  hence 

=  r  (0.0003aP)2JV  +  c2y (3) 

In  ordinarjr  chaining  the  second  term  under  the  radical  is  so  small  that 
it  may  be  ipiored  and  formula  (3)  then  reduces  back  to  formula  (2),  in 
which  form  it  is  usually  used. 

^  =  0.0003aPVAr. (4) 

Illustration.  Suppose  that  the  permissible  error  for  one  angle  is  15" 
or  i  minute ;  that  the  total  length  of  the  perimeter  of  a  ten-sided  polygon 
is  4000  ft.     The  error  of  closure  should  not  exceed 

0.0003  X  i  X  4000  X  VlO  =  .95  ft. 

228.  The  Duties  of  the  Different  Members  of  a  Transit 
Party  depend  upon  the  number  of  men  in  the  party.  In  class 
work,  if  the  party  is  composed  of  five  men  the  duties  may  be 
outlined  as  follows: 

The  Chief  of  Party  plans  the  survey  and  directs  the  field 
work.  Oftentimes  in  addition  he  acts  as  transitman  or  as  note- 
keeper.  He  should  thoroughly  understand  the  advantages  and 
disadvantages  of  the  different  methods  of  running  transit  hnes 
(Chapter  XII  and  Art.  217),  and  be  able  to  choose  wisely  be- 
tween the  different  methods  of  locating  details  (Chapter  XIII 
and  Art.  223).  He  should  be  familiar  with  the  customary 
limits  of  error,  and  with  the  sources  and  relative  importance  of 
errors  (Chapters  II,  V,  and  X;  also  Art.  226).  In  class  work 
the  instructor  necessarily  decides  most  of  the  questions  which 
are  suggested  above,  but  he  should  discuss  with  the  students 
the  reasons  which  influence  him  in  his  decisions. 

1.  The  Note-keeper  often  acts  as  chief  of  party,  and  in 
addition  to  directing  the  field  work  keeps  the  field  notes  in  the 
party  note-book.  During  the  early  part  of  the  course  he  should 
also  read  each  angle  a^s  a  check  on  the  work  of  the  transitman. 
Read  Chapter  III  for  general  directions  and  consult  Chapter 
XV  for  the  different  forms  of  transit  notes.     Pay  particular 
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attention  to  Special  Directions  for  Class  Work,  p.  30.  The 
position  of  note-keeper  is  a  responsible  one,  and  upon  his  alert- 
ness and  his  ability  to  keep  good  notes  will  depend  to  a  large 
extent  the  value  of  the  work  done  by  the  whole  party. 

2.  The  Transitman  is  responsible  for  aU  work  done  with 
the  transit;  also  responsible  for  any  injury  done  to  the  instru- 
ment either  while  in  use  or  while  being  carried  from  one  place 
to  another.  The  transitman  rmbst  not  leave  the  transit  standing 
unguarded.  The  use  of  the  transit  is  explained  in  Chapter  IX. 
Particular  attention  is  called  to  the  following  articles: 

1.  CatUion — to  prevent  injury  to  the  transit,  p.  84. 

2.  Use  of  the  Telescope — focusing  eyepiece,  getting  line  of  sight  quickly, 
etc.,  p.  85. 

3.  Setting  up  the  Transit — hints  for  setting  up  quickly,  pp.  86-89. 

4.  Use  of  Clamps — warning  against  using  wrong  clamps,  p  91. 

5.  Method  of  Double  Reverse — to  prolong  a  straight  Une  accurately, 
p.  92. 

6.  Lining  In — sighting  chainmen  or  flagman  in  line,  setting  transit  sta- 
tions, p.  91. 

7.  Measuring  Horizontal  Angles — different  methods,  pp.  93-95.  Pay 
particular  attention  to  hint  6,  p.  95. 

8.  Measuring  Angles  by  Repetition — especially  doubUng  an  angle,  p.  99. 

9.  Reading  Angles — use  of  vernier  and  common  mistakes,  pp.  96-97. 

10.  Reading  Bearings,  p.  101. 

11.  The  Sources  and  Relative  Importance  of  Errors  in  Angular  Measure- 
ments (Chapter  X). 

12.  Suggestions  for  Running  Transit  Lines — precautions  and  checks, 
p.  152. 

13.  Methods  of  Procedure  in  Running  Transit  Lines^— to  avoid  blunders, 
p.  153. 

14.  Care  and  Adjustment  of  the  Transit  (Part  III). 

3  and  4.  The  Chainmen  are  responsible  for  the  measurement 
of  all  distances.  In  addition  they  may  be  called  upon  to  give 
sights,  drive  stakes,  assist  in  setting  up  the  transit,  and  to 
help  in  other  ways  to  carry  on  the  field  work.  They  are  also  held 
responsible  for  any  injury  to  the  tape.  Directions  for  chaining 
are  given  in  Chapter  IV.  Special  attention  is  called  to  the  fol- 
lowing  articles: 

1.  Care  of  the  Steel  Tape — to  prevent  bends,  breaks,  and  rust,  p.  31. 

2.  To  Do  Up  and  Undo  a  Tape — in  a  figure  8,  p.  31. 

3.  General  Method  of  Chaining — p.  33. 

4.  Precautions  to  avoid  error  in  reading  odd  feet  and  tenths  of  feet, 
note  (c),  p.  34. 

5.  Setting  Chain-pins — directions  to  insure  accuracy,  p.  35. 

6.  Chaining  on  a  Slope — especially  the  second  method,  p.  36. 

7.  Sources  of  Error,  methods  of  correction  and  elimination,  Chapter  V, 
especially  the  rule  for  the  correction  of  errors  in  the  length  of  the  tape, 
p.  40,  and  the  correction  for  temperature,  p.  40. 

8.  Relative  Importance  of  Sources  of  Error — p.  43. 

9.  Customary  Limits  of  Precision,  and  the  field-work  requirements  cois 
responding  to  different  limits,  pp.  44-53. 

10.  Summitry — of  things  which  the  chainmen  should  do  and  should  not 
do,  p.  37. 


FIELD  WORK  163 

5.  The  Axebcan  or  Flagman  drives  the  stakes  for  transit  sta- 
tions, marks  the  guard-stakes  and  sets  them,  holds  the  transit- 
pole  or  pencil  for  backsights  and  foresights,  and  clears  the  way 
through  underbrush,  when  necessary,  for  the  line  of  sight. 

1.  For  the  method  of  establishing  a  transit  station,  read  Art.  207,  p.  146. 

2.  For  the  method  of  marking  and  setting  a  guard-stake,  read  Art.  208. 
p.  147. 

3.  In  holding  a  transit  pole  be  sure  that  it  is  plumb.  Stand  squarely 
behind  it.  and  using  both  hands,  suspend  it  so  that  it  will  swing  freely 
until  it  becomes  plumb,  then  keep  it  there.  Oftentimes  the  vertical  edge 
of  a  building  or  some  other  fixed  vertical  line  will  aid  in  keeping  the  pole 
plumb. 

4.  There  is  a  knack  in  driving  a  stake  plumb;  acquire  it.  Use  a  broad 
flat-headed  hand-axe,  and  strike  squarelv  to  prevent  broominjg.  When  a 
stake  begins  to  get  out  of  plumb  do  not  bring  it  back  by  striking  one  side 
erf  it,  but  "draw"  it  over  by  striking  it  on  the  head  with  a  pecmiar  blow, 
in  which  the  axe-head  moves  towards  the  body  as  it  hits  the  stake ;  if  the 
stake  is  not  too  far  down,  pull  it  over  with  one  hand  while  using  the  axe 
with  the  other. 

Remark.  Surveyors  complain  that  axemen  are  either  careless  in  driv- 
ing stakes  or  that  they  do  not  know  how — a  constant  source  of  annoyance. 

5.  If  a  backsight  or  foresight  is  wanted  at  a  station  where  another  tran- 
sit is  set  up,  hold  a  handkerchief  behind  the  plimib-bob  Une,  keep  the  bob 
from  swinging,  and  see  to  it  that  members  of  the  other  party  are  not  in 
the  line  ofsight.  Another  way  of  giving  a  sight  in  such  a  case  is  to  hold 
a  pencil  on  top  of  the  center  of  the  transit  telescope. 

6.  Do  not  "come  in''  from  giving  a  sight  until  signaled  to  do  so.  Have 
a  clear  understanding  in  regard  to  signals,  p.  146. 


CHAPTER  XV 

TRANSIT  SURVEYING— FIELD  NOTES 

In  the  first  part  of  this  chapter  three  general  methods  of  keeping  the 
field  notes  for  a  transit  survey  are  discussed,  and  those  things  which  are 
essential  to  good  transit  notes  in  any  form  are  pointed  out.  In  the  second 
part  of  the  chapter  several  methods  of  keeping  notes  are  illustrated  by- 
reproductions  of  actual  field  notes.  A  study  of  these  notes  should  also 
result  in  a  clearer  idea  of  how  the  methods  of  running  transit  hues  (Chap- 
ter XII y  and  of  locating  details  (Chapter  XIII)  are  applied  in  actual 
field  work.  The  comments  accompanying  the  illustrations  are  intended 
to  lead  the  student  to  a  comparison  of  the  different  methods  of  field  work 
and  of  keeping  notes,  so  that  ultimately  he  will  be  better  prepared  to 
choose  methods  for  himself,  modify  them,  combine  them,  or  devise  new 
ones  especially  adapted  to  any  work  he  may  have  in  hand. 


229.  Different  Methods  of  Keeping  Field  Notes.    There 

are  many  fonns  of  field  notes  in.  common  use,  some  adapted 
to  one  kind  of  field  work,  others  to  other  kinds.  The  best 
method  of  keeping  notes  for  a  given  piece  of  work  is  a  matter 
of  opinion,  and  an  experienced  surveyor  is  likely  to  use  his 
own  method, — one  which  is  'Hhe  survival  of  the  fittest."  Any 
system  may  be  used  which  results  in  a  clear  and  accurate  record 
of  the  field  work  without  wasting  time.  A  fonn  of  notes,  how- 
ever, which  saves  time  in  the  field  but  wastes  it  when  it  comes 
to  plotting  is  not,  ordinarily,  an  economical  form  to  use,  al- 
though occasionally  it  may  be. 

It  is  well  to  use  a  system  which  can  be  modified  to  suit  dif- 
ferent methods  of  field  work.  Thus,  for  example,  in  the  second 
part  of  this  chapter  there  is  given  a  form  of  notes  which  not 
only  can  be  adapted  to  any  one  of  the  four  methods  of  running 
transit  lines,  but  which  can  also  be  easily  modified  to  suit  dif- 
ferent kinds  of  surveys,  such  as  a  stadia  survey,  a  compass  sur- 
vey, or  a  transit  survey.  Having  once  become  familiar  with 
some  such  method  of  keeping  notes,  it  is  an  easy  matter  to 
adapt  oneself  to  any  other  method  when  it  becomes  necessary. 

164 
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230.  Notes  Pertaining  to  the  Transit  Lines  should  be  dis- 
tinguished from  all  other  notes  because  the  transit  lines  are 
usually  plotted  first  and  details  afterward.  The  field  notes 
may  be  divided  into  two  parts,  viz.:  (1)  those  pertaining  to  the 
location  of  transit  stations,  and  (2)  those  pertaining  to  all 
other  points.  When  transit  lines  are  run  before  details  are 
taken  (Art.  193,  p.  132)  transit-line  notes  may  be  kept  by  them- 
selves in  compact  form.  When,  however,  details  are  taken  as 
fast  as  transit  stations  are  established  the  transit-line  notes  are 
not  kept  separate,  but  are  scattered  along  mixed  with  other 
not^es.  In  that  case  the  notes  should  be  kept  in  such  a  way  that 
those  pertaining  to  the  transit  line  can  be  picked  out  without 
any  trouble  when  it  comes  to  plotting.  One  way  is  to  letter  all 
transit  stations  and  number  all  other  points.  Another  way  is 
to  enclose  transit  stations  in  a  triangle  or  circle.  Still  another 
way  is  to  keep  transit-line  notes  in  a  separate  column  by  them- 
selves.    (See  Form  3,  p.  172.) 

231.  Three  General  Forms  of  Notes.  There  are  two 
methods  of  keeping  notes  which  are  radically  different,  viz.: 
(1)  The  method  in  which  all  measurements  of  angles  and  dis- 
tances are  indicated  on  a  sketch;  (2)  The  method  in  which  no 
sketch  is  used,  but  measurements  are  recorded  in  some  tabular 
form.  The  latter  method  can  be  used  only  where  compara- 
tively little  description  of  the  survey  and  its  details  is  neces- 
sary. (3)  A  third  method  is  a  combination  of  the  other  two  in 
which  some  of  the  data  are  recorded  on  a  sketch,  and  the  re- 
maining data  are  tabulated.  This  combination  method  is,  per- 
haps, the  one  most  used. 

232.  The  Tabulated  Form  of  Notes  without  a  Sketch 
can  be  used  to  advantage  for  transit-line  notes  when  kept  by 
themselves,  or  for  recording  a  number  of  measurements  to 
points  or  objects,  all  of  which  can  be  described  just  as  well  with- 
out a  sketch.  In  most  cases,  however,  a  sketch  is  the  easiest 
way  of  making  clear  the  details  of  a  survey.  A  number  of 
tabulated  forms  are  illustrated  in  Art.  241,  pp.  169-175. 

233.  The  Sketch  Method  for  Field  Notes.  When  it  can 
be  done  without  crowding,  there  is  probably  no  better  way  of 
keeping  field  notes  than  by  making  a  free-hand  sketch  with 
all  angles  and  distances  entered  directly  upon  the  sketch.  The 
difficulty  with  this  method  is  that  a  sketch  made  on  the  page 
of  an  ordinary  field  note-book  will  often  be  too  small  to  provide 
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for  all  the  measurements  in  large,  clear  figures.    In  that  case 
it  is  better  to  resort  to  the  combination  method. 

It  is  not  customary  to  draw  the  sketch  to  scale;  indeed  it  is 
usually  necessary  to  exaggerate  certain  portions  of  it  to  make 
room  for  recording  measurements.  In  some  forms  of  notes  no 
attempt  is  made  to  sketch  outlines  as  they  appear  on  the  ground. 
For  example,  a  crooked  highway  appears  in  the  sketch  as  per- 
fectly straight.    (See  Illustration  VI,  p.  187.) 

234.  The  Combination  Method  of  Keeping  Field  Notes, 
in  the  opinion  of  many  surveyors^  is  the  best  all-around  metliod. 
A  sketch  can  be  made  on  one  page  and  such  measurements  as 
cannot  conveniently  be  placed  on  the  sketch  itself  can  be  re- 
corded on  the  opposite  page  in  some  one  of  the  tabulated  forms 
in  common  use.  As  far  as  possible  it  is  well  to  put  actual  di- 
mensions and  offsets  on  the  sketch,  while  angles  and  the  cor- 
responding distances  used  for  locating  points  are  put  on  the 
opposite  page.  For  example,  if  a  house  is  shown  in  the  sketch 
it  is  usually  well  to  put  dimensions  of  the  house  on- the  sketch 
itself,  while  angles  and  distances  taken  to  locate  the  comers 
of  the  house  are  given  on  the  opposite  page.  (See  Illustration 
III,  p.  180.) 

Points  on  the  sketch  are  numbered  or  lettered  when  it  is  neces- 
sary to  refer  to  them  in  the  tabulated  form  on  the  opposite 
page.  When  it  can  be  done  readily  it  is  well  to  number  points 
in  order;  for  example,  the  first  one  sighted  at  as  the  telescope 
is  turned  from  the  backsight  is  1,  the  next  2,  and  so  on.  (See 
p.  134.) 

235.  When  should  the  Notes  Read  from  the  Bottom  of 
the  Page  up?  In  railway  surveys  or  highway  surveys  or 
surveys  of  a  similar  character  it  is  more  convenient  to  record 
the  notes  from  the  bottom  of  the  page  up.  This  is  especially 
true  if  the  sketch  method  is  used,  otherwise  the  note-book  must 
be  held  upside  down  to  bring  the  points  in  the  sketch  in  accord 
with  the  points  which  they  represent  on  the  ground.  The  gen- 
eral rule  in  making  a  sketch  is  to  hold  the  book  with  its  top 
toward  the  next  transit  station,  and  if  a  tabulated  form  on  the 
left-hand  page  is  used  in  connection  with  the  sketch,  this  will 
read  from  the  bottom  up  to  correspond.  (See  Illustration  V, 
p.  184.)  On  the  other  hand,  in  the  notes  of  a  closed  survey, 
where  the  entire  sketch  is  on  one  page,  it  may  be  more  con- 
venient to  tabulate  the  corresponding  notes  on  the  opposite 
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page,  so  that  they  will  read  from  the  top  down,    (See  Illustra- 
tion I,  p.  176.) 

236.  What  should  the  Field  Notes  Include?  In  taking 
notes  it  is  well  to  keep  in  mind  (1)  what  will  be  needed  for 
plotting,  and  (2)  what  it  may  be  well  to  have  in  the  note-book 
even  though  it  may  not  be  necessary  for  plotting.  Measurements 
of  angles  and  distances,  sketches  and  explanatory  notes  are  of 
use  in  plotting,  while  the  date  of  the  survey,  names  of  the  men 
in  the  party,  transit  used,  weather  conditions,  and  notes  indi- 
cating methods  of  work  may  be  of  value  as  a  mere  matter  of 
record.    Conmion  sense  should  guide  one  in  this. 

In  ordinary  work,  for  example,  the  temperature  is  not  re- 
corded because  there  is  no  need  of  it,  but  in  precise  surveying 
it  18  recorded  because  corrections  for  temperature  are  to  be  made. 
A  note  which  gives  the  methods  used  in  a  survey  may  indicate 
the  Umits  of  error,  and  if  there  is  a  chance  that  such  informa- 
tion will  be  needed,  it  should  be  given  in  the  notes,  but  in 
the  majority  of  cases  it  will  not  be  needed.  On  the  other 
hand  the  title  of  the  survey,  the  date,  and  the  name  of  the  man 
in  charge  of  the  party  ought  to  appear  in  the  notes  of  every 
survey. 

237.  Allow  Plenty  of  Room;  do  not  Crowd  the  Notes. 
Make  sketches  larger  if  anything  than  may  seem  necessary. 
Usually  there  will  be  more  dimensions  to  put  on  the  sketch 
than  will  at  first  appear;  make  a  generous  allowance  for  this. 
Especially  those  portions  of  a  sketch  where  most  of  the  meas- 
urements are  to  be  shown  should  be  large  and  open  so  that  small 
crowded  figures  may  be  avoided.  Buildings,  for  example,  should 
be  sketched  large  enough  to  provide  for  tlimensions.  If  a  fence 
is  located  by  offsets  from  a  building,  make  the  fence  in  the 
sketch  far  enough  away  so  that  the  offsets  may  be  recorded  in 
clear  figures,  no  matter  how  near  to  the  building  the  fence  really 
is.  Do  not  try  to  put  too  much  on  one  page;  use  several  pages 
if  necessary  for  different  parts  of  a  sketch.  Note-book  paper  is 
cheap  compared  with  time  wasted  in  deciphering  crowded  notes. 

In  tabulated  forms  it  is  better  to  skip  every  other  line  when 
there  is  room,  thus  leaving  space  for  corrections. 

238.  Repeating  Notes  on  Different  Pages.  When  tabu- 
lated notes  extend  over  two  or  more  pages  it  is  customary  to 
repeat  on  one  page  enough  of  the  notes  from  the  preceding 
page  to  make  the  whole  continuous.     Usually  this  means  sim- 
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ply  to  copy  the  preceding  transit  station  (number  or  letter)  and, 
perhaps,  a  transit-line  angle  and  distance. 

339.  Oeneral  Sketch  of  Transit  Lines.  When  a  survey  is 
more  or  less  extended  and  the  transit-line  notes  are  scattered 
through  several  pages,  it  is  a  good  plan  to  start  a  sketch  of  all 
the  transit  lines  on  one  of  the  first  pages.  This  sketch,  wliich 
should  be  completed  as  fast  as  the  field  work  progresses,  will 
show  the  relative  positions  of  the  different  transit  stations  and 
will  prove  especially  useful  if  there  is  a  more  or  less  intricate 
network  of  transit  lines.  It  is  not  necessary  to  enter  any  meas- 
urements on  this  sketch  at  least  until  the  notes  are  "worked 
up"  preliminary  to  plotting. 

240.  Five  Tilings  to  Malce  Clear  in  any  Form  of  Transit 
Notes. 

Linear  Measurements.  (1)  Between  which  two  points  each 
measurement  was  taken. 

Angles.  (2)  At  which  station  the  transit  stood  when  an  angle 
was  measured. 

(3)  Which  station  or  point  was  used  for  a  backsight. 

(4)  In  which  direction  (right  or  left)  the  angle  was  measured* 

(5)  To  which  point  as  a  foresight  the  angle  was  taken. 
Illustration.    A  point  2  in  a  transit  survey  was  located  from  a 

transit  line  AB  by  an  angle  of  45°  and  a  distance  of  30  feet. 
In  order  to  plot  the  point  2  the  notes  must  make  clear  whether 
the  angle  was  taken  at  A  or  at  B.  If  taken  at  B^  then  A  must 
be  entered  as  a  Imcksight,  the  direction  in  which  the  angle  >vas 
measured  must  be  understood,  and  finally  2  must  be  recorded 
as  a  foresight.  Should  the  notes  fail  to  make  clear  any  one  of 
these  points,  a  serious  mistake  might  be  made,  as  illustrated  in 
Art.  167,  p.  117.  It  is  especially  irritating  to  find  an  angle 
or  distance  given  in  the  notes  and  yet  not  be  able  to  plot  it. 

If  the  sketch  method  is  used  and  all  distances  and  £Uigles  are 
indicated  on  the  sketch  exactly  where  they  belong  (see  lUus*- 
tration  IV,  p.  183),  misunderstandings  are  not  likely  to  occur  in 
plotting — ^a  strong  argument  in  favor  of  the  sketch  method. 
In  all  tabulated  forms  the  five  points  noted  above  must  be 
made  clear  by  the  column-headings,  by  the  system  of  notation, 
and  by  explanatory  notes  and  sketches,  if  necessary. 

In  an  ofiice  where  the  methods  of  keeping  notes  and  of  taking^ 
angles  are  always  the  same,  much  in  the  notes  may  be  t>aken 
for  granted.     For  example,  if  it  is  customary   to  measure  all 
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angles  clockwise,  it  is  not  necessary  to  record  the  direction  in 
which  angles  are  measured.  It  is  well,  however,  to  print  once 
for  all,  near  the  beginning  of  a  set  of  notes,  some  such  note  as: 
"Afl  angles  taken  to  the  right  from  a  backsight  on  the  preceding 
station,"     (See  Illustration  I,  p.  176.) 

Suggestions.  In  order  to  make  sure  that  everything  in  the 
notes  is  clear  and  unmistakable  try  to  put  yourself  in  the  posi- 
tion of  a  man  in  the  office  who  is  not  at  all  familiar  with  the 
ground  covered  by  the  survey,  and  as  you  take  the  notes  examine 
them  critically  from  his  point  of  view,  keeping  in  mind  what 
the  notes  will  be  used  for  and  asking  yourself  continually  the 
question:  "Will  this  be  clear  to  the  man  in  the  office?"  Even 
though  you  expect  to  plot  the  notes  yourself,  remember  that 
things  which  seem  perfectly  c^ear  to  you  while  you  are  record- 
ing the  notes  may  become  very  obscure  and  indefinite  by  the 
time  you  begin  plotting  them.  It  is  a  poor  note-keeper  who 
can  plot  his  notes  only  "while  they  are  hot." 

Reread,  from  time  to  time,  the  general  suggestions  for  keep- 
ing notes  given  in  Chapter  III. 

Study  the  forms  of  field  notes  given  in  the  next  article,  noting 
the  advantages  and  disadvantages  of  each  method.  Study  also 
the  actual  field  notes  reproduced  on  pages  175-189,  noting  care- 
fully all  the  little  devices  and  methods  for  making  the  notes 
clear  and  unmistakable.  The  best  way  to  study  these  notes  is 
to  plot  them.     (See  p.  175.) 

241.  Different  Forms  of  Tabulated  Field  Notes.  When 
the  usual  form  of  field  note-book  is  used  it  is  customary  to  keep 
the  tabulated  notes  on  the  left-hand  page,  which  is  ruled  in  six 
coliunns  for  that  purpose.  Sketches,  if  there  are  any,  are  made 
on  the  right-hand  page,  which  is  cross-lined  and  can  be  used  as 
plotting-paper  if  desired.  Several  of  the  forms  for  tabulating 
notes  are  given  here.  In  most  cases  each  form  would  be  accom- 
panied by  an  explanatory  sketch  on  the  opposite  page,  but  for 
the  present  these  sketches  are  omitted.  The  column  headings 
and  two  or  three  lines  of  notes  for  each  form  will  illustrate  the 
different  methods.  The  style  of  lettering  used  in  these  illus- 
trations and  in  the  reproductions  of  the  field  notes  which  follow 
is  the  free-hand  single-stroke  system  explained  on  pages  24-30. 
Those  forms  which  read  from  the  top  of  the  page  down  may 
easily  be  modified  to  read  upward  if  desired. 
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Form  1 


Angle 

Va/ue 

Line 

Length 

BCD 

8^29' 

CD 

280J 

8C2 

112"* /4' 

C2 
3-4 

85.8 
40.0 

Interpretation.  Backsight  at  Station  B,  transit  at  Station  C, 
foresight  at  Station  D,  angle  =89°  29',  and  distance  from  C  to 
i>  =  280M.  Same  backsight,  same  transit  station,  the  angle  to 
some  point  2  (not  a  transit  station)  is  112**  14',  distance  from  C 
to  2=83'.8.  No  angles  taken  to  points  3  and  4,  distance  be- 
tween them  is  40'.0.  In  this  instance  letters  are  used  for  transit 
stations,  numerals  for  all  other  points.  Corresponding  letters 
and  numerals  on  a  sketch  (not  shown  here)  on  the  opposite  page 
of  the  note-book  complete  the  notes.  All  angles  are  taken  to 
the  right.  For  a  more  complete  illustration  see  Illustration  I, 
p.  176. 

Advantages.  A  simple  and  natural  method  of  tabulating  an- 
gles and  distances.  Easy  to  use  in  the  field  and  not  likely  to 
be  misunderstood  in  plotting.  When  a  system  of  transit  lines 
is  established  first,  and  objects  located  afterward,  this  form 
is  a  very  good  one  for  the  transit-line  notes,  especially  if  there 
is  a  network  of  transit  lines. 

Disadvantages.  The  method  of  giving  an  angle  is  not  self- 
explaining.  A  note  should  make  clear  once  for  all  that  the 
middle  letter  is  the  vertex,  the  first  letter  the  backsight,  and 
the  last  letter  the  foresight.  This  order  is  easily  remembered 
since  the  backsight  (first  letter)  is  the  first  point  sighted  at, 
and  the  foresight  (last  letter)  is  the  last  point  sighted  at  in 
measuring  an  angle.  When  stations  are  numbered  instead  of 
lettered  the  method  may  become  cumbersome,  especially  if 
there  are  plus  stations.  It  would  be  awkward,  for  example,  to 
give  an  angle  thus:   (21  +  14)  (24+30)  (30+25). 
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Form  2 


Tn 

msit  at . 

SfaC. 

i?ackslght 

onStaB 

Foresight 

Angle 

Une 

Length 

D 

8^29' 

CD 

2B0.I 

2 

IIZ""  14' 

C2 

3-4 

83.8 
40,0 

Interpretation,  This  form  differs  from  the  preceding  form  in 
only  one  particular:  the  station  at  which  the  transit  stood  and 
the  backsight  are  noted  once  for  all  at  the  head  of  each  set  of 
angles.     The  third  column  can  be  and  often  is  omitted. 

When  magnetic  and  calculated  bearings  are  kept  the  last  two 
columns  may  be  used  for  that  purpose,  as  shown  on  p.  174.  As 
in  the  preceding  method  it  should  be  noted  that  all  angles  are 
taken  clockwise  from  the  backsight.  Should  it  be  desired  to 
take  angles  right  and  left,  two  columns  headed  "Right"  and 
"Left"  respectively  may  replace  the  single  column  shown  (see 
p.  173) ,  or  else  R  or  L  may  be  written  after  each  angle. 

Advantages.  When  a  number  of  angles  are  taken  at  each  station 
this  form  has,  in  addition  to  the  advantages  of  the  preceding 
form,  the  merit  of  being  self-explaining:  no  doubt  can  arise 
as  to  which  station  is  the  backsight,  which  the  vertex,  and 
which  the  foresight.  Moreover,  the  form  can  be  used  for  plus 
stations.  This  form,  or  some  modification  of  it,  is  a  very  com- 
mon one.  It  is  especially  useful  in  topographic  surveying, 
where  a  large  nimiber  of  side  shots  are  taken  at  each  station, 
and  where  vertical  angles  are  measured.  By  omitting  the  third 
column  three  columns  are  available  for  recording  vertical  angles 
and  corrected  elevations  or  distances. 

Disadvantages.  When  only  one  or  two  angles  are  taken  at 
each  station  it  becomes  necessary  to  reprint  the  words  **  Transit 
at  Sta.  — ,  backsight  on  Sta.  — ,"  on  almost  every  other  line. 
In  that  case  Form  1  is  more  compact  and  convenient. 
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Form  3 


Ang/e 


Distance 


44.6 
40JS 


Angle 


/-- 40^*30' 

z^m''i4* 


DIstiance 


28J 
83.8 


Transit 
Line 

Sta.D 
B80J 


89\29' 


SraC 
320J 


10812' 


Sta.B 
510,6 


Interpretation.  The  notes  are  to  be  read  from  the  bottom  up. 
All  notes  pertaining  to  the  transit  line  are  put  in  a  column  by 
themselves,  each  distance  inserted  between  the  two  stations  where 
it  was  measured,  each  angle  directly  over  the  station  whei^  the 
transit  stood  when  the  angle  was  taken,  the  backsight  being  the 
preceding  station  below,  the  foresight  the  next  station  above, 
thus:  Backsight  at  Sta.  B,  transit  at  Sta.  C,  foresight  on  Sta.  D, 
angle =89°  29',  distance  from  C  to  Z)  =  280M. 

All  points  that  are  not  transit  stations  are  clustered  around 

the  station  at  which  the  transit  stood  when  they  were  located. 

Thus  points  1,  2,  3,  and  4  were  located  by  angles  taken  at  C  from 

the  same  backsight  on  B,  and  by  distances  measured  from  C.     An 

explanatory  sketch  on  the  opposite  page  is  implied  in  this  case. 

Remark.  Assuming  that  all  angles  were  measured  clockwise,  the  angle 
40**  30'  indicates  that  point  1  is  on  the  left  of  the  line  CD.  It  would  be  an 
improvement,  therefore,  to  enter  40°  30'  and  28.1  ft.  in  the  left-hand  col- 
umns; then,  to  be  consistent,  the  measurements  corresponding  to  the 
points  2,  3,  and  4  should  be  entered  in  the  right-hand  columns.  This 
would  be  the  relative  positions  of  the  four  points  if  the  measurements  were 
placed  directly  on  a  sketch.     (See  Illustration  VI,  p.  187.) 

Advantages,  Transit-line  notes  are  separate  from  other  notes. 
In  a  survey  progressing  in  one  general  direction,  as,  for  exam- 
ple, the  survey  of  a  highway,  this  form  is  useful,  especially  if 
combined  with  a  sketch  (as  in  Illustration  VI,  p.  187). 

Disadvantages.  Notes  are  not  self-explaining,  more  or  less 
complicated,  and  not  adapted  to  surveys  where  only  one  or  two 
points  are  located  from  each  station. 
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Form  4 

Angle 

Value 
Z]l9r44-' 

Line 

Length 

CDE 

2}148''SS' 

DE 

410.8 

DBF 

74'^ZeZQ" 

EF 

328S 

173 


Bearing 


l^ag. 
Nze^'JO'E 


N79VSW 


Cat, 
26^*24 


7rS'30 


Interpretation,  This  form  is  a  modification  of  Form  1.  Two 
additional  columns  provide  for  magnetic  and  calculated  bearings. 
Thus,  N.  26°  30'  E.  and  N.  26°  24'  E.  are  the  bearings  of  the  line 
DE.  The  notes  indicate  that  the  angles  were  doubled  by  repe- 
tition, every  other  line  being  left  blank  to  provide  space  for  the 
arithmetical  work  of  division.     Notes  read  downward. 

The  advantages  and  disadvantages  are  the  same  as  for  Form  1. 
Form  5.     Deflection  Angles 


'  Sra. 

£ 

Defl 
Left 

S6'*a4 

?ction 
Right 

Line  to 

F 

Length 
379.4 

£ 

4n8' 

1 

38.3 

D 

28V0' 

£ 

2Z0.6 

InterpretxjUion,  One  of  the  forms  used  when  deflection  angles 
are  taken  to  the  left  or  right.  Notes  read  from  the  bottom  up. 
For  example,  backsight  at  D,  transit  at  E,  deflection  angle  to 
the  right  of  41°  18'  to  point  1,  distance  from  ^  to  1  =  38'.3. 

Advantages,  Right  and  left  deflection  angles  are  in  separate 
columns. 

Disadvantages.  If  the  transit  stands  at  any  station  (as  E),  it 
is  assumed  that  the  backsight  is  on  the  preceding  station  below 
(as  D).  This  is  not  self-evident  from  the  notes;  it  is,  however, 
so  weU  understood  in  practice  that  the  disadvantage  is  not  a 
serious  one.  The  mistake  most  likely  to  occiu*  in  using  this 
form  of  notes  is  that  of  entering  an  angle  in  the  ''Left"  column 
when  it  shoukl  be  in  the  ''Right"  column,  or  vice  versa. 
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Form  6.    Deflection  Angles 


Station 
Occupied 

Point 
Sightedat 

Deflection 
Angle 

Distance 

Beai  ing 
Mag.           Cal 

i-20,6 

a 

4IV8'L 

38.3 

+20.6 

36 

56^24'R 

N3em'E 

36""  25' 

32. 

32-h20.6 

2S'*iO'L 

N20''0'W 

irsg' 

30 

32 

i2'*ii'R 

N8**i5'£ 

av/' 

Interpretation.  This  form  is  similar  to  the  preceding  form, 
except  that  deflection  angles  are  kept  in  one  column  instead  of 
in  separate  columns,  the  letters  L  and  R  denoting  whether  they 
are  taken  to  the  left  or  to  the  right.     Notes  read  upward. 

Advantage.  A  column  is  saved  for  some  other  purpose.  Thus, 
for  example,  two  columns  are  left  in  which  magnetic  and  calcu- 
lated bearings  may  be  entered  separately  if  desired. 

Disadvantage.  If  the  letter  R  or  L  is  omitted  in  any  case  it 
may  cause  trouble  in  plotting.  This  is  more  Ukely  to  occur 
than  the  mistake  of  entering  the  angle  in  the  wrong  column,  in 
the  preceding  form. 

Form  7.    Azimuths 


Line 

Azimuth 

Length 

Mag. 

CD 

I90**IO' 

281,6 

5/OVSW 

DE 

280^8' 

3 to.  8 

N79'*i5'W 

02 

29nd* 

289 

InterfreUUion.  This  form  is  a  modification  of  Form  1,  p.  170, 
azimuths  being  recorded  in  place  of  angles.  Magnetic  bearings 
are  also  recorded  as  a  rough  check  on  the  azimuths. 

When  many  azimuths  are  to  be  recorded  at  each  station  a 
modification  of  Form  2 ,  p.  1 71 ,  may  be  used,  the  words  " Tranedt  at 
Sta.  — "  being  placed  above  each  set  of  azimuths.  Backsights, 
of  course,  are  not  recorded  in  the  notes. 
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Advantages,  This  fonn  of  notes  is  so  simple  and  self-explain- 
ing that  it  (or  some  slight  modification  of  it)  is  in  general  use 
for  the  azimuth  method.  It  is  especially  useful  for  stadia  notes 
when  a  large  number  of  points  are  to  be  located. 

Form  8.     Bearings 

The  form  used  for  notes  when  transit  lines  are  run  by  bear- 
ings (p.  125)  may  be  a  modification  of  Form  7,  simply  substi- 
tuting a  column  of  bearings  as  read  from  the  vernier  for  the 
column  of  azimuths,  and  keeping  the  other  three  colunms  as 
they  are. 

242.  Illustrations  of  Field  Notes.  In  the  following  pages 
several  sets  of  field  notes  are  given;  they  illustrate  not  only 
different  methods  of  keeping  field  notes,  but  also  different 
methods  of  field  work.  The  size  of  a  page  in  the  ordinary  field 
note-book  is  about  an  inch  wider  and  two  inches  longer  than 
a  page  of  this  book.*  Hence  the  notes  are  shown  correspond- 
ingly  reduced,  but  in  other  respects  they  are  like  the  original 
field  notes.  They  should  be  studied  from  two  points  of  view: 
(1)  To  see  how  the  methods  of  Chapter  XII  and  XIII  for 
running  transit  lines  and  locating  objects  are  applied  in  actual 
field  work;  (2)  To  gain  a  clearer  idea  of  how  field  notes  are 
kept. 

The  student  is  urged  to  study  the  notes  and  comments  in  the  order  in 
which  they  are  given  and  with  unusual  care.  They  have  been  chosen 
and  arranged  with  the  hope  that  this  may  prove  one  of  the  most  useful 
portions  of  the  book.  It  must  be  borne  in  mind,  however,  that  for  every 
method  of  running  a  transit  line  or  locating  a  point  given  in  the  notes 
there  is  probably  another  method  equally  good  which  could  have  been 
used  instead.  Moreover,  the  methods  shown  of  keeping  notes  can  be  and 
ve  modified  and  changed  to  suit  the  work  in  hand,  and  the  remarks  in 
Art.  229,  p.  164,  should  be  kept  in  mind. 

It  is  suggested  that  a  most  effective  wav  of  studying  the  different  illus- 
trations is  to  actually  plot  the  notes.  If  this  can  be  done  before  going 
into  the  field  it  will  be  of  great  assistance  to  the  student  not  only  in  keep- 
ing notes,  but  in  choosing  methods  for  locating  details. 

*  Noie-hooks  can  be  obtained  in  various  sizes  and  ruled  in  various  ways 
for  different  kinds  of  work  Thus,  for  example,  books  may  be  obtained 
for  topographic  surveying  with  the  right-hand  page  specially  ruled  to  facil- 
itate sketching  the  topography.  The  ruling  is  purposely  omitted  in  the 
reproductions  of  field  notes  shown  in  the  succeeding  pages  of  this  chapter. 

It  sometimes  happens  that  notes  taken  in  the  field  must  be  sent  to  the 
office  from  day  to  day  to  be  plotted,  while  the  party  still  remains  at  work 
in  the  field.  DupUcate  notes  are  usually  copied  in  this  case.  To  avoid 
the  woiic  of  copying,  special  note-books  with  detachable  leaves  are  some- 
times used,  carbon  paper  beipg  inserted  in  order  to  obtain  the  duplicate 
sheets  reqmied  for  the  office. 
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Angle 

ABC 

ABB 

BCD 

BC3 

CDA 

CD4 

DAB 

DAI 
All  i 


Value 

loros' 

73''47' 
235%Z' 

96%7' 
Z07''Z9' 

sa^Ei' 

SIZ^'ZI' 
*s  to 


argles  to  fhe 
preceiilng  star! on. 


tacksight 


loros' 

73''47' 
96''4-7' 


Check— ^360'oo' 


on 


Illustration  I 

Comments  on  the  Survey.  This  is  an  illustration  of  a  survey 
to  determine  the  boundary-lines  of  a  building  lot.  Transit  lines 
are  run  at  random  within  a  few  feet  of  the  fence-lines,  but  not 
parallel  to  them.  There  are  four  transit  stations,  and  each  cor- 
ner of  the  lot  is  located  from  the  nearest  station  by  angle  and 
distance.  Notice  that  in  addition  to  transit-line  measurements 
the  length  of  each  boundary-line  was  also  measured,  although  a 
map  of  the  lot  could  have  been  plotted  without  these  four  meas- 
urements. The  four  angles  at  the  comers  of  the  lot  were  not 
measured, — they  can  be  easily  calculated.  See  Art.  216  (d), 
p.  151. 

Since  angles  were  not  doubled  there  was  apparently  no  check 
on  the  work  until  the  last  or  closing  angle  was  measured.  It 
would  have  been  well  to  calculate  bearings  and  check  them  by 
magnetic  bearings  (p.  126). 

While  the  survey  is  complete  in  itself  no  one  line  seems  to  be 
referenced  with  respect  to  permanent  objects,  so  that  if  any 
three  of  the  four  corners  should  become  obliterated  it  woiild  be 
difficult  to  restore  them.     (See  Art.  260.) 
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^StaD                          i     /     ^ 
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«                                                ^ 
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i               '  /  3 
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1          <i^              ;  v/vj    OS 

^ 

1   . 
1  ^ 

Proper 
Boar 

§  1  • 

!           290.2                 1 

^  t 

/   i      Picket  Fence    i   2 
A A 

^:  1 

Sta.j4                      Sta.S 

Beacon  Street 

Suri/ey  of  lot  ownecf  ty  £.  F.  B/ake  on 

Beacon  , 

St..   Dayvm.                   Oct.  2.1902. 

Comments  on  the  Notes.  All  data  pertaining  to  transit  lines 
and  to  the  location  of  comers  from  transit  lines  are  tabulated 
on  the  left-hand  page,  according  to  Form  1,  page  170.  Actual 
dimensions,  i.e.,  lengths  of  property  lines,  are  given  on  the 
sketch  on  the  right-hand  page.  In  this  survey  the  data  are  so 
few  that  they  all  could  have  been  put  on  the  sketch  without 
crowding,  and  hence  the  sketch  method  (see  the  next  illustra- 
tion) would  have  been  the  natural  one  to  use.  Notice  the 
method  of  correcting  the  false  entry  of  127.1  ft.  [See  p.  22,  Art. 
35(5).] 

It  would  have  been  well  to  add  a  note  indicating  the  degree 
of  accuracy  with  which  the  survey  was  made,  as  was  done  in  the 
next  illustration. 

If  any  future  use  is  likely  to  be  made  of  the  magnetic  bearing, 
the  decUnation  of  the  needle  should  be  given  in  the  notes  if  it 
is  not  already  on  record  in  the  office;  in  any  case  it  should  be 
given  on  the  map. 
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Illustration  II 

Comments  on  the  Survey.  The  lot  surveyed  is  the  same  as 
that  in  the  preceding  illustration.  This  time,  however,  the 
transit  stations  were  chosen  so  as  to  make  each  transit  line 
parallel  to  the  corresponding  boundary-line,  and  any  conven- 
ient distance  away  from  it:  the  angle  at  each  comer  of  the  lot 
is  therefore  equal  to  the  angle  between  transit  lines  at  the 
corresponding  station.  No  angles  are  taken  to  the  comers  of 
the  lot,  but  the  boundary-lines  are  located  by  offsets  from  the 
transit  lines,  and  their  lengths  measured  as  usual. 

The  advantages  of  this  method  are  that  the  boundaries  are 
more  easily  plotted  by  ofifsets  than  by  angles,  and  the  angle  at 
each  comer  is  known  without  computation.  The  disadvan- 
tages are  in  the  field  work  itself.  It  takes  time  to  get  the  tran- 
sit lines  established  exactly  parallel  to  the  fence-hnes  even  if 
there  are  no  obstacles  to  measurements  or  to  lines  of  sight. 
When  there  are  obstacles,  as  there  usually  are,  the  extra  field 
work  involved  is  out  of  all  proportion  to  results  gained.  The 
time  of  the  draftsman  in  computing  ''fence  angles"  is  usually 
less  expensive  than  the  time  consumed  by  a  whole  transit  party 
in  measuring  them.     See  Art.  216  (d),  p.  151. 

Comments  on  the  Notes,  This  is  a  simple  illustration  of  the 
sketch  method  of  keeping  notes.  It  has  decided  advantages 
over  the  method  used  in  the  preceding  illustration  when  so 
few  measurements  are  taken.  Extra  care,  however,  should  be 
taken  to  show  very  definitely  where  each  measurement  belongs. 
This  is  accomplished  oftentimes  by  the  use  of  arrow-heads. 
Notice  that  the  distance  between  each  transit  hne  and  the  cor- 
responding fence-line  is  entered  in  two  places;  this  shows  with- 
out question  that  the  two  are  parallel.  Notice  also  that  the 
distance  between  each  transit  line  and  the  corresponding  fence- 
line  is  greatly  exaggerated  in  the  sketch  to  allow  space  for  re- 
cording the  offset  distances  in  large  clear  figures. 

The  note  telling  what  instruments  were  used  and  the  degree 
of  accuracy  with  which  measurements  were  taken  is  useful  as  a 
matter  of  record,  and  might  have  weight  in  relocating  bounda- 
ries at  some  future  time,  or  in  settling  a  boimdary  dispute  should 
one  arise. 
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Survey  of  the  tot  owned  by  E.  F  Blake 
Beacon  St.  Dayvllle.  Mass. 
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Illustration  III 
(See  inset  sheet  at  the  end  of  this  chapter.) 

ComvwrUs  on  the  Survey.  The  object  of  this  survey  was  to 
locate  the  house,  the  bam,  and  the  property  Hues.  The  first 
step  was  to  estabhsh  transit  stations  where  they  would  be  of 
the  most  use.  (See  Art.  216,  p.  149.)  Station  A  was  chosen  in 
such  a  position  that  the  four  nearest  corners  of  the  house  (i, 
2,  5,  and  4),  two  corners  of  the  barn  {5  and  ^),  and  a  comer  of 
the  lot  (7)  could  all  be  located  from  that  one  station.  Stations 
B  and  C  were  chosen  so  that  the  transit  line  between  them 
could  be  used  for  locating  the  river  bank  by  offsets.  CJomer 
D  was  chosen  in  any  convenient  position  near  the  southwest 
comer  of  the  lot  {11),  where  both  C  and  A  would  be  visible 
from  2)»  A  comer  of  the  house  {10)  was  located  from  D  sua  a 
check.  All  points  were  located  by  angles  and  distances  except 
the  point  C  on  CD  and  a  point  on  AB,  54.9  ft.  from  A,  These 
two  points,  one  on  a  line  with  the  front  of  the  bam,  the  other  on 
a  line  with  the  back  of  the  house,  were  located  by  measurement 
as  indicated  on  the  sketch,  merely  as  a  check.  The  location 
of  C  was  unnecessary,  as  the  point  10  served  as  a  check.  It 
will  be  noticed  that  the  transit-line  angles  were  doubled.  The 
calculated  bearing  was  also  kept,  and  the  magnetic  bearing 
observed  for  each  transit  line.  This  too,  perhaps,  was  an  un- 
necessary precaution  in  view  of  the  fact  that  the  angles  were 
doubled.  Notice  also  that  each  building  was  ''measured  up," 
and  the  lengths  of  three  boundary-hnes  obtained.  If  for  any 
reason  the  lengths  of  the  boundary-lines  could  not  have  been 
measured  conveniently,  they  could  have  been  calculated.  (See 
p.  151.) 

The  interior  angles  of  the  transit  lines  happen  to  add  up  to 
360°.  This  does  not  mean  that  no  error  was  made,  for  one  angle 
may  be  a  minute  too  large,  another  a  minute  too  small. 

The  criticism  on  p.  176  in  regard  to  permanently  referencing 
some  one  line  of  the  survey  applies  in  this  case  also. 

The  transit  lines  might,  perhaps,  have  been  run  to  better  ad- 
vantage close  to  and  outside  of  the  fence4ines,  provided  there 
were  no  obstacles.  In  that  case  some  other  method  might  be 
used  for  locating  the  buildings  in  place  of  angles  and  distances. 


FIELD  NOTES  '  181 

Illustration  III  (Continued) 

Comments  on  the  Notes.  The  fonn  used  corresponds  to  Form 
4,  p.  173.  All  angles  with  corresponding  distances  are  tabulated 
on  the  left-hand  page.  All  dimensions  and  offsets  are  given 
directly  on  the  sketch.  DA  is  the  backsight  for  so  many  angles 
that,  instead  of  repeating  the  letters  DA  in  the  first  column,  a 
vertical  line  is  drawn.  A  vertical  line  is  also  drawn  in  the  third 
colunm  instead  of  repeating  the  letter  A, 

This  is  a  good  illustration  of  combining  the  sketch  and  the 
tabulated  form  to  advantage.  To  put  all  the  angles  and  dis- 
tances directly  on  the  sketch  itself  would  have  required  con- 
siderable care  to  avoid  crowding;  that  it  can  be  done,  however, 
is  shown  in  the  next  illustration. 

The  explanatory  notes,  while  not  as  complete  as  would  be 
required  in  many  cases,  are  sufficient  for  this  particular  sur- 
vey. The  note  giving  the  accuracy  with  which  measurements 
were  taken  is  one  often  omitted,  but,  nevertheless,  it  might 
be  of  considerable  value,  should  any  dispute  arise  concerm'ng 
the  boundary-lines. 

The  mistake  of  entering  162*^  12^  for  162°  42^  was  probably  due 
to  an  error  (afterwards  discovered)  in  reading  the  angle.  (Omit- 
ting the  half -degree,  see  page  77,  Art.  100.)  The  error  in  record- 
ing 40.5  for  60.5  was  also  probably  due  to  careless  field  work 
and  not  to  careless  note-keeping.  The  chainmen  evidently  read 
the  tape  from  the  wrong  end  and  afterward  discovered  their 
mistake. 

Notice  the  method  of  recording  magnetic  and  calculated 
bearings;  in  this  case  they  could  just  as  well  have  been  recorded 
in  separate  columns. 

In  giving  offsets  it  would,  perhaps,  have  been  better  to  use 
the  system  of  **pliis'*  distances  from  B  instead  of  giving  dis- 
tances between  offsets.  (See  Art.  198,  p.  139.)  There  are  so  few 
offsets  in  this  case,  however,  that  it  makes  little  difference. 

Reference  numbers  are  sometimes  enclosed  thus  (6)  to  avoid 
mistaking  them  for  dimensions. 

In  this  survey  it  makes  little  difference  whether  the  notes  are 
kept  from  the  bottom  of  the  page  up  or  from  the  top  down. 
Since,  however,  in  some  cases  it  is  advantageous  to  keep  the 
notes  from  the  bottom  up,  many  surveyors  prefer  to  keep  all 
notes  in  that  way  for  the  sake  of  uniformity. 
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Illustration  IV 

Comments  en  the  Survey.  The  property  surveyed  is  the  same 
as  that  in  the  preceding  illustration.  The  same  transit  stations 
were  used,  but  the  buildings  were  located  by  a  slightly  different 
method.  The  two  rear  comers  of  the  house  were  located  by 
finding  two  points,  one  on  the  transit  line  AB,  another  on  CZ), 
both  in  line  with  the  rear  of  the  house.  The  distances  from 
each  of  these  two  p>oints  to  the  nearest  comer  of  the  house  and 
to  the  nearest  transit  station  (viz.,  78.7, 36.8  and  94.2,  79.8)  to- 
gether with  the  dimensions  of  the  house,  are  all  the  measure- 
ments needed  to  plot  the  house.  The  angles  and  distances  to 
the  two  front  comers  of  the  house  were  taken  as  a  check  (rather 
unnecessarily).  Notice  the  different  methods  of  locating  the 
two  front  comers  of  the  bam.  Other  ways  of  using  one  or  more 
of  the  methods  of  Chapter  XIII  for  locating  fences  and  buildings 
in  place  of  those  that  were  used  will  suggest  themselves  to  the 
student.  It  will  prove  good  practice  to  study  out  as  many 
different  methods  as  p>ossible  that  might  have  been  used  in  this 
particular  case. 

Comments  on  the  Notes.  In  this  case  the  sketch  method  is 
used,  the  sketch  being  made  free-hand  without  the  use  of  even 
a  straight-edge.  All  measurements,  including  angles,  are  given 
on  the  sketch  itself.  Notice  how  the  sizes  of  the  buildings  and 
the  distances  of  the  transit  lines  from  the  fence-lines  are  ex- 
aggerated to  make  room  for  recording  measurements.  In  the 
same  way  the  other  distances  are  exaggerated,  no  attempt 
being  made  to  draw  to  scale,  it  being  far  more  important  to 
have  the  notes  open  and  clear.  When  a  sketch  is  as  clear  as 
this  illustration  the  notes  are  more  easily  plotted  than  if  kept  in 
tabulated  form,  but  it  is  rather  difficult  to  keep  such,  a  sketch 
from  becoming  crowded  when  there  are  many  dimensions. 

The  direction,  right  or  left,  in  which  all  angles  were  taken  is 
not  noted.  It  should  be,  unless  previously  noted  elsewhere  once 
for  all. 

Notice  how  the  distance  18.1  ft.  near  the  bam  is  recorded  by 
drawing  an  arrow  and  writing  the  figures  to  one  side.  It  is  fre- 
quently necessary  to  do  this  (just  as  in  making  working  draw- 
ings) when  the  space  where  the  nimiber  is  to  go  is  too  small 
for  large  dear  figures. 
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Illustration  IV 


Property  of  J  B.Lind,  161  Main  St  Crescent  CityM 
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Total  Frontage  =  404-.  S  f Picket  Fence  ) 
Main      Street 
Property  bounded  on  the  west  by  land  of  James 
Smith,  on  the  north  by  Willow  Brook  (about  10  ft 
wiae),  on  the  east  by  land  of  Thomas  Younq, 
House  and  barn  both  of  wood.      Survey  made 
Auq,  /6, 1904.  Angles  to  nearest  minute,  distances 
to  nearest  tenth  of  a  foot 

J.  M.  lA/^hi4?neij ,  Translfman. 
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Illustration  V 
(See  inset  sheet  at  the  end  of  this  chapter.  ^ 

Comments  on  the  Survey.  This  is  a  portion  of  the  preliminary 
survey  for  an  electric  road.  Boundaries  of  the  highway  through 
which  the  road  is  to  run,  houses,  division-fences  or  property 
lines,  bridges,  streams,  and  other  topographic  features  for  a 
considerable  distance  on  each  side  of  the  highway  must  be 
located.  The  sketch,  though  not  drawn  to  scale,  represents 
approximately  a  portion  of  the  map  as  it  will  appear  when 
plotted.  Great  accuracy  is  not  required.  Houses,  for  example, 
may  be  located  to  the  nearest  foot.  Property  lines  should  be 
located  with  more  care. 

In  this  illustration  a  number  of  different  methods  were  em- 
ployed for  locating  objects, — a  greater  variety,  perhaps,  than 
would  ordinarily  be  used.  For  this  reason  the  illustration 
should  be  studied  with  more  than  ordinary  care,  since  it  shows 
the  practical  applications  of  so  many  of  the  methods  of  Chapter 
XIII.    The  points  to  be  noticed  are: 

1 .  Stations  are  numbered  as  in  railway  work.    Art.  209,  p.  1 47. 

2.  All  angles  taken  are  deflection  angles.     Art.  179,  p.  120. 

3.  The  boundaries  of  the  highway  were  located  by  offsets 
perpendicular  to  the  transit  lines  taken  at  irregular  intervals. 

4.  The  fence  at  A  is  located  by  finding  where  if  produced  it 
would  strike  the  transit  line,  and  by  locating  a  point  1  (on  a 
line  with  the  front  of  the  house)  by  angle  (50°  58')  and  dis- 
tance (122.6).     (Method  (a),  p.  134.) 

5.  The  Bond  house  is  located  by  finding  where  one  side  pro- 
duced strikes  the  transit  line  (at  a)  and  then  measuring  the 
tie-line  (127.8).  (Method  (a),  p.  139.)  This  was  probably  more 
convenient  than  to  set  up  the  transit  at  c  and  measure  the  angle, 
(Method  (b) ,  p.  135.)  Point  1,  already  located  on  a  line  with  the 
front  of  the  house,  serves  as  a  check. 

6.  The  fence  at  C  was  located  by  finding  where,  if  produced, 
it  would  strike  the  transit  line  and,  by  producing  the  front  line 
of  the  house  already  located,  measuring  the  distance  (95.1). 

7.  The  Sykes  house  was  located  from  Station  23  +  89  by  an- 
gles and  distances  to  two  front  corners  (2)  and  (3)  (p.  134). 

8.  The  fence  at  B  was  located  by  two  offsets  (48.5  and  46.5) 
measured  on  lines  produced  from  the  front  and  rear  sides  of 
the  Sykes  house. 
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9.  The  fence  at  D  was  located  by  the  tie-line  method.  (Method 
(c),  p.  140.) 

10.  The  four  corners  of  the  bridge  (14,  15,  16,  and  17)  were 
located  from  Station  27+9  by  angles  and  distances. 

11.  Each  of  the  points  4  to  13  inclusive  were  located  by  two 
angles  taken  at  stations  234-89  and*  27  +  9  respectively,  with 
the  transit  line  between  these  two  stations  as  a  base-1  ine.  (Method 
on  p.  137.) 

12.  The  fence  at  E  was  located  by  the  tie-hne  method,  the 
point  6,  however,  being  taken  on  a  Une  with  the  front  of  the 
Morris  house. 

13.  The  fence  at  F  was  located  by  producing  to  a  point  on 
the  transit  line,  and  locating  another  point  19  from  Station 
30+32.5  by  angle  and  distance.  Afterwards  the  distance  to  c, 
a  point  on  hne  with  the  house,  was  measured  (69.1). 

14.  The  Morris  house  was  located  from  b  and  c  (already  es- 
tablished on  line  with  its  front)  by  the  distance  from  b,  84.4. 
The  angle  (but  not  distance)  to  one  of  its  corners  (18)  was  taken 
at  Station  30+32.5,  merely  as  a  check.  A  better  check  would 
have  been  to  measure  from  18  to  b. 

Comments  on  the  Notes.  The  form  used  corresponds  to  Form 
5,  p.  173.  The  notes  read  from  the  bottom  up.  Station  30+32.5 
at  the  top  of  the  left-hand  page  would  be  repeated  at  the  bot- 
tom of  the  next  left-hand  page  to  make  the  tabulated  form 
continuous;  just  as  Station  20+50  was  repeated  from  the  pre- 
ceding left-hand  page.  In  thus  repeating  a  station,  only  the 
deflection  angle  of  the  transit  hne  is  given, — no  other  notes 
are  repeatfed. 

Only  angles  and  corresponding  distances  are  given  in  the  tab- 
ulated form.  All  other  linear  measurements  are  entered  di- 
rectly on  the  sketch.  Bearings  are  taken  for  transit  lines  only, 
and  each  is  entered  between  the  two  stations  where  it  belongs. 
Thus,  for  example,  S.  81°  15'  E.  is  entered  between  23+89  and 
27+9,  and  is  the  magnetic  bearing  of  the  line  between  those 
two  stations.    All  bearings  are  understood  to  be  forward  bearings. 

Notice  that  each  piece  of  property  is  marked  with  the  owner's 
name.  In  front  of  the  Morris  house  a  broken  line  indicates  that 
there  is  no  fence. 

In  this  illustration  the  sketch  covers  too  much  ground; 
it  would  have  .been  better  to  put  the  [sketch  as  far  as  the 
bridge  on  one  page  and  the  remainder  on  another.     Little  is 
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gained  by  sketching  the  highway  as  it  really  is  instead  of 
making  two  straight  lines  represent  the  boundaries.  The  next 
illustration  is  an  improvement  in  both  these  respects. 

In  both  this  and  the  next  illustration  notice  that  the  distances 
to  points  on  the  transit  line  at  which  offsets  were  taken  are 
entered  as  "pto"  stations  instead  of  measuring  the  actual  dis- 
tances between  successive  points.  This  saves  time  in  the  field 
and  in  plotting  since  several  distances  can  be  measured  or 
plotted  at  one  stretching  of  the  tape  or  at  one  setting  of  the 
scale  as  the  case  may  be.  When  using  this  method  the  dis- 
tance should  be  measured  from  the  last  offset  point  preceding 
each  transit  station  to  the  station  itself,  as  this  is  a  check  on 
the  total  distance  previously  measured  between  the  two  sta- 
tions.    (See  note  p.  139.) 

Notice  that  at  the  top  of  the  page  there  is  a  running  title,  as, 
for  example,  "  Notes  from  20  +  50  to  27  +  9."  This  is  invaluable 
as  an  aid  in  finding  notes  quickly,  especially  when  they  are  in- 
dexed properly. 

Illustration  VI 

In  Illustration  VI  a  portion  of  the  notes  of  Illustration  V 
have  been  reproduced  according  to  the  sketch  method.  All 
notes  pertaining  to  the  transit  line  are  entered  in  the  middle  space 
by  themselves  according  to  Form  3,  p.  172.  This  middle  space 
therefore  represents  the  transit  line  and  may  be  considered  as 
having  no  width,  i.e.,  points  on  the  edges  opposite  to  each  other 
actually  coincide  on  the  ground.  Thus,  for  example,  offsets 
marked  23.5  and  47.3  were  really  measured  from  the  same 
point  on  the  transit  Une.  Notice  how  the  sides  of  the  highway, 
although  in  reality  curved,  are  represented  by  straight  lines. 
These  lines  were  ruled,  but  all  other  lines  were  drawn  free-hand. 
Compare  this  page  of  notes  with  those  of  Illustration  V  on  the 
inset  sheet  at  the  end  of  this  chapter.  While  it  is  true  that  one 
set  of  notes  seems  as  clear  as  the  other,  it  should  be  kept  in  mind 
that  much  more  of  the  survey  is  included  in  Illustration  V  than 
in  Illustration  VI.  The  notes  of  Illustration  VI,  on  the  other 
hand,  are  probably  easier  to  plot  than  those  of  Illustration  V. 
The  two  illustrations  afford  an  excellent  opportunity  of  com- 
paring the  sketch  method  with  the  combination  method  of 
keeping  notes. 
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Illustration  VII 

Comments  on  the  Survey.  The  method  illustrated  in  the  notes 
on  the  opposite  page  is,  perhaps,  the  most  general  method  for 
making  a  survey  of  a  city  street.  Station  0  was  found  by  stretch- 
ing the  tape  between  merestones  and  taking  the  middle  point. 
Station  3+33.4  was  found  in  a  similar  manner,  thus  fixing  the 
center  line  of  the  street.  The  substation  1  +  98  was  set  at  the 
intersection  of  this  center-line  with  a  fence-line.  Each  of  the 
other  substations  was  established  at  the  intersection  of  the  center- 
line  with  the  side  of  a  house  produced.  The  method  of  angle 
and  distance  (p.  134)  was  used  for  locating  most  of  the  house- 
corners,  the  backsight  in  every  case  being  from  a  permanent 
sight  on  the  center-line  prodiiced  beyond  Sta.  3+33.4.  Distances 
between  houses,  front  and  rear,  were  also  measured.  Fence- 
lines  were  located  by  ofifsets  from  houses,  and  fence-comers  by 
distances  along  the  fence-lines.  Manholes  were  located  by  offsets 
from  the  transit  line,  and  street-car  tracks  by  offsets  from  the 
curb  to  the  gage-line*  of  the  nearest  rail.  The  curved  track 
was  located  by  angles  and  distances  to  p>oints  about  the  same 
distance  apart  on  the  nearer  rail  (p.  136).  Widths  of  sidewalks 
and  widths  from  curb  to  curb  were  measured  and  checked  by 
the  total  measurement  from  street-line  to  street-line.  The  angle 
of  the  street-line  on  Fourth  Ave.  (81°  28')  was  measured  with 
the  transit  at  Sta.  3+33.4,  sighting  on  a  monument  a  block 
away,  but  on  Third  Ave.  the  angle  of  the  street-line  was  found 
by  laying  off  90°,  measuring  100  ft.  on  this  line,  and  then  from 
this  point  measuring  the  offset  to  the  curb-  and  street-line. 
Sometimes  one  of  these  methods  and  sometimes  the  other  can 
be  used  to  advantage. 

Other  Methods.  In  the  above  method  the  distances  from  the 
street-hne  to  the  fronts  of  houses  are  not  measured,  and  can  be 
found  only  by  scaling  the  map  or  by  calculation.  A  survey  is 
often  made  to  locate  veranda-lines  and  front  lines  of  houses, 
and  in  such  a  case  the  best  method  is  probably  that  of  offsets 
measured  from  a  line  run  on  the  sidewalk  parallel  to  the  street- 
line.  Sometimes  offsets  are  taken  from  the  curb-line  or,  if  there 
are  no  fences  in  the  way,  from  the  street-line  itself. 

Suggestion.  Where  buildings  are  near  the  street-line  offset-rods  may 
be  used  to  advantage  in  place  of  the  steel  tape.     A  stadia-rod  will  answer 

*  Gage-line  is  the  line  on  the  inside  of  the  head  of  the  rail  i"  below  the 
top. 
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the  purpose.     One  end  of  the  rod  is  held  against  the  building,  and  the 
measurement  is  read  at  the  point  where  the  line  of  sight  strikes  the  rod. 

In  a  survey  of  an  entire  city  block  or  of  several  adjacent  blocks 
it  is  often  necessary  to  run  transit  lines  on  the  sidewalks  or  in 
the  street  or  wherever  they  can  be  established  to  the  best  advan- 
tage. Thus,  for  example,  if  a  transit  line  were  to  begin  on 
Oak  St.,  it  might  be  advantageous  to  have  the  first  station  on 
Union  St.  on  the  left-hand  sidewalk,  and  the  last  station  on 
Oak  St.  on  the  right-hand  sidewalk,  thus  making  the  line  of  sight 
between  the  two  as  long  as  possible. 

Remark.  In  a  series  of  letters  to  the  Engineering  News,  Vol.  II,  1905, 
the  following  methods  for  locating  houses  were  adVocated  by  dififerent 
surveyors:  (1)  Plane  table;  (2)  Angle  and  distance  (p.  134);  (3)  Ofifset 
method  (p.  138);  (4)  Tie-line  method  (p.  137);  (5)  Each  front  corner  by  two 
intersecting  distances  (p.  139);  (6)  By  intersecting  angles  (p.  137).  This 
shows  the  diversity  of  opinion  regarding  methods  of  location,  and  indi- 
cates that  each  method  has  its  advantages. 

Comments  on  the  Notes.  This  is  an  example  of  the  sketch 
method.  Each  angle  is  entered  above  a  line  drawn  from  the 
station  to  the  point  sighted  at,  and  the  corresponding  distance 
is  entered  below  the  same  line.  Portions  of  the  houses  are 
exaggerated  to  accommodate  dimensions.  Each  house  is  marked 
with  its  street  number,  and  with  W,  S,  or  B  to  denote  whether 
it  is  wood,  stone,  or  brick. 

When  it  is  desired  to  distinguish  between  a  fence  along  a  street 
and  the  street-line  itself  the  former  may  be  indicated  by  a  full 
line  and  the  latter  by  a  broken  line.  Thus  in  the  sketch  there  is 
a  fence  along  the  right-hand  side  of  the  street,  but  only  a  street- 
line  along  the  left-hand  side. 

The  notes  present  a  somewhat  crowded  appearance  but  in 
this  respect  they  are  typical'  of  city  notes  kept  by  the  sketch 
method.  By  using  the  combination  method  all  angles  and  cor- 
responding distances  would  be  transferred  to  the  left-hand 
page,  thus  relieving  the  crowded  appearance,  but  making  it  a 
little  more  difficult  to  plot  the  notes. 


CHAPTER  XVI 

TRIANGULATION 

The  aim  in  this  chapter  is  to  give  methods  for  simple  triangulation,  such, 
for  example,  as  that  which  forms  the  basis  of  an  ordinary  topographic 
Bunrey.  Many  of  the  suggestions  and  directions  apply  equally  well  to 
the  special  problems  in  triangulation  given  in  Chapter  XvIII.  No  at- 
tempt has  been  made  to  treat  the  subject  as  comprehensively  as  would 
be  required  in  a  work  on  geodetic  surveying. 


243.  Triangulation.     If,  in  any  triangle,  one  side  and  the 

two  adjacent  angles  are  measured,  the  lengths  of  the  other  two 

sides  may  be  computed  by  the  methods  of  trigonometry.    This 

is  the  basis  of  all  triangulation. 

lUualration.  Problems  in  finding  distances  to  inaccessible  points,  dis' 
tanoes  between  inaccessible  points,  and  similar  problems  (see  Chapter 
XVIII)  are  examples  of  simple  triangulation. 

244.  In  a  Network  or  System  of  Triangles  the  side  of  some 
one  triangle  is  measured  first,  and  from  this  base-line  and  the 
two  adjacent  angles  the  remaining  two  sides  of  the  triangle  are 
comjnUed.  The  calculated  lengths  of  these  two  sides  may  be 
used  as  new  base-lines  for  two  other  triangles,  and  the  calculated 
lengths  of  the  sides  of  these  new  triangles  used  as  base-lines  for 
still  other  triangles.  Thus  the  system  may  be  extended  in- 
definitely. It  is  customary  to  measure  all  three  angles  of  each 
triangle,  but  only  one  linear  measurement  is  made — that  of 
the  original  base-line  in  the  first  triangle.  One  side  of  the  last 
triangle  is  usually  so  located  that  it  can  be  measured;  the  agree- 
ment of  the  measured  and  the  calculated  length  of  this  side 
is  a  check  on  the  accuracy  of  the  whole  work. 

(a)  illustration.  A  network  of  triangles  forms  the  basis  of  nearly  all 
warveys  covering  large  areas,  such,  for  example,  as  the  coast  and  geodetic 
surveys  and  other  extended  topographic  surveys. 

(6)  Remark.  When  the  sides  of  the  triangles  are  so  long  and  the  pre- 
cision required  is  so  great  that  the  curvature  of  the  earth  must  be  taken 
into  account,  the  work  is  no  longer  plane  surveying, — it  is  geodetic  sur- 
veying, p.  2. 

(c)  How  large  areas  may  be  covered  by  triangulation  in  plane  surveying  f 
This  depends,  of  course,  upon  the  required  limits  of  error.  The  error 
which  results  from  neglecting  curvature  is  about  one  foot  in  344  miles. 
(See  Art.  5,  p.  2.) 

245.  Sources  of  Error  in  Triangulation.  (1)  Poorly  pro- 
vorlioned  triangles.    Angles  less   than  30°  or  more  than  120° 
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should  be  avoided,  not  because  it  makes  any  difiference  in  the 
field  work, — one  angle  is  as  easily  measured  as  another, — ^but 
because  a  given  error  in  a  small  angle  affects  the  computed 
lengths  in  a  triangle  more  than  does  the  same  error  in  an  angle 
which  approaches  90*^.  This  is  because  the  tabular  differences 
in  a  table  of  sines  approach  zero  as  the  angle  approaches  90°, 
while  they  are  very  large  for  angles  near  0°  or  180°.  The  ideal 
triangle  is  of  course  an  equilateral  triangle.  It  is  difficult  to 
select  stations  so  that  .the  triangles  will  be  properly  propor- 
tioned, yet  this  is  a  very  important  source  of  error  and  one  too 
often  overlooked. 

(2)  Error  in  the  measurement  of  the  hase^htic  Since  any  error 
in  the  length  of  the  base-line  affects  every  side  of  every  triangle 
in  the  whole  system,  extreme  precautions  are  usually  taken  to 
measure  the  base-line  with  great  precision.     (See  p.  57.) 

(3)  Errors  in  the  measurement  of  angles.  These  aie  iveduced 
to  a  minimum  by  using  the  method  of  repetition  (p.  99)  or  series 
(p.  100),  and  by  taking  other  precautions  (Art.  140,  p.  101)  not 
taken  in  ordinary  work. 

246.  Stations  and  Signals.  Signal  is  a  term  used  in  trian- 
gulation  to  denote  any  structure  or  object  which  marks  the 
position  of  a  station  and  which  may  be  sighted  upon  from  other 
stations.  It  includes  scaffolds  used  to  elevate  either  the  object 
sighted  at  or  the  instrument  used  in  sighting.  All  sorts  of 
prominent  objects  are  used  as  signals,  natural  and  artificial. 
(See  p.  198.)  The  station  itself  is  usually  a  hub  in  the  j^round, 
an  iron  bolt  in  a  ledge  of  rock,  or  some  other  definite  mark. 

.  Permanent  stations  should  be  carefully  referenced. 

247.  Choice  of  Stations.  The  first  considerations  are 
(1)  that  the  triangles  shall  be  properly  proportioned,  and  (2) 
that  the  stations  in  any  one  triangle  shall  be  intervisible.  (3)  \a>- 
cate  them,  as  far  as  possible,  where  they  will  be  most  useful 
either  in  the  location  of  prominent  features,  or  as  starting  and 
closing  points  for  traversing,  or  for  establishing  secondary 
systems  of  triangles.  Among  other  requirements  are:  (4)  Firm 
ground  or  stable  support  for  the  instrument,  free  from  vibration, 
sheltered  from  wind;  (5)  Lengths  of  sight  suited  to  the  telescope 
used;  (6)  The  greatest  possible  area  in  view  in  order  that  a  large 
number  of  substations  may  be  controlled;  (7)  Freedom  from 
atmospheric  disturbances, — for  example,  if  a  line  of  sight  passes 
over  a  hill- top  close  to  the  ground  it  will  be  affected  by  the 


TRIANGULATION  198 

"boiling"  of  the  air,  or  if  it  passes  near  a  chimney  continually 
emitting  smoke  it  may  be  almost  useless;  (8)  Aim  at  the  simplest, 
best-bklanced  system  of  triangles  practicable. 

It  is  very  seldom  that  all  the  above  requirements  can  be 
realized.  Usually  the  surveyor  has  to  take  stations  where  he 
can  get  them.  The  most  favorable  conditions  for  triangulation 
are  generally  found  in  hilly  country,  with  summits,  compara- 
tively clear  and  unobstructed,  upon  which  stations  may  he 
established.  The  least  favorable  conditions  are  in  flat  wooded 
country,  where  it  is  either  necessary  to  do  a  great  deal  of  cutting 
or  else  to  build  high  scaffolds  upon  which  to  set  up  the  instru- 
ment. In  cities  stations  may  be  established  on  the  tops  of 
buildings,  and  church  spires  or  other  prominent  objects  may  be 
taken  for  substations. 

A  thorough  reconnaissance  of  the  ground  to  be  covered  is 
essential  in  planning  any  system  of  triangulation,  and  it  pays  to 
give  careful  consideration  to  all  feasible  schemes. 

248.  The  Base-Hne.  (a)  Location.  Try  to  select  a  place 
for  the  base-hne:  (1)  Where  the  ground  is  level  and  well  suited 
for  accurate  measurement;  (2)  Where  the  country  is  open, 
so  that  sights  may  be  taken  in  any  desired  direction  from  each 
end  of  the  hne;  (3)  Where  a  system  of  well-proportioned 
triangles  can  be  built  up,  with  stations  which  meet  the  require- 
ments of  the  preceding  article. 

Bemark.  Too  often  the  surveyor  will  be  unable  to  find  a  suitable  place 
for  a  base-line,  and  must  overcome  natural  obstacles  as  best  he  can.  Some- 
times it  is  necessary  to  lay  out  a  broken  base-line  and  find  the  direct  dis- 
tance between  the  two  ends  by  indirect  measurements.  The  required 
distance  corresponds  to  an  omitted  measurement,  and  is  found  by  com- 
putation.    (See  Part  II.) 

Occasionally  it  may  be  necessary  to  locate  the  base-line  in  a 
place  where  it  is  impossible  to  establish  signal-stations  at  the 
ends,  as,  for  example,  on  a  railroad-track. '  The  signals  may  be 
established  elsewhere,  and  the  ends  of  the  base  transferred  by 
some  accurate  system  of  check  measurements.*  In  geodetic 
work  a  comparatively  short  base-line  is  expanded  to  a  compara- 
tively long  side  of  the  first  triangle  in  a  similar  manner  by  a  care- 
fully planned  system  of  smaller  triangles.f  Since  base-lines  can 
be  measured  with  accuracy  greater  than  can  be  sustained 
throughout   the   triangulation,    it    is   customary   to   introduce 

♦  Wilson's  Topographic  Surveying,  p.  524. 
t  Gillespie's  Surveying,  Vol.  II,  p.  15. 
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new  base-lines  whenever  the  accumulated  errors  are  likely  to 

exceed  the  limits  of  error. 

(6)  The  length  of  the  base-line  will  depend  upon  how  large 

liriangles  are  to  be  used.    This,  in  turn,  depends  upon  the  ground 

to  be  covered  and  the  points  where  stations  are  desired.     The 

base-h*ne  must  be  of  such  a  length  that  properly  proportioned 

triangles  can  be  built  up.    To  adopt  a  base-line  several  hundred 

feet  long  and  make  each  of  the  two  other  sides  of  the  first  triangle 

several  miles  long  is  an  extreme  illustration  of  what  should  not 

be  done. 

Remark.  The  above  holds  true  for  ordinary  simple  triangulation.  For 
extended  systems  short  hase-lines  may  be  chosen  and  expanded  as  sug'> 
gested  in  the  preceding  article. 

(c)  To  measure  the  ha^e-line.  The  steel  tape  is  best  adapted 
to  the  measurement  of  base-lines,  and  the  method  of  procedure 
is  given  on  page  57.  For  extensive  surveys  elaborate  apparatus 
for  base-line  hieasurement  is  used.  Among  the  various  forms 
are;  (1)  Contact  apparatus,  or  bars  fitted  with  a  device  for 
bringing  the  ends  in  successive  contacts;  (2)  Optical  apparatus ^ 
with  fine  lines  near  the  ends  of  each  bar,  and  micro8Cop>es  for 
observing  and  setting  the  marks;  (3)  Compensating  apparatus ^ 
intended  to  be  so  constructed  that  the  two  ends  of  each  bar  re- 
main a  constant  distance  apart.  The  steel  tai>e,  however,  is 
fast  superseding  all  other  forms,  and  practically  nothing  else 
is  used  in  plane  surveying.* 

249.  What  Angles  are  Measured  in  Triangulation? 
When  a  station  is  the  vertex  of  two  or  more  triangles  several 
combinations  of  angles  are  possible.  The  angle  of  each  triangle 
may  be  measured,  then  the  sum-angle  of  any  two  angles  or  any 
three  angles,  and  so  on.  While  this  multiphcation  of  measure- 
ments furnishes  more  conditions  for  the  final  adjustment  of  all 
the  angles  at  the  station,  it  is  not  advisable  because  the  extra 
time  required  is  seldom  warranted  by  the  increase  in  the  ac- 
curacy of  the  results.  It  is  better  to  use  the  time  available  in 
the  careful  measurement  of  those  angles  only  which  will  be 
used  in  the  computations. 

250.  Measurement  of  Angles.  Two  general  methods  are 
in  use  for  measuring  angles  with  great  precision:  (1)  the  method 
of  series  and  (2)  the  method  of  repetition  (pp.  99-100).      The 

*  The  use  of  elaborate  apparatus  comes  under  the  head  of  higher  sur- 
veying. Consult  Wilson,  p.  495,  Gillespie,  Vol.  II,  p.  69,  or  Johnson's  Sur- 
veying. 
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fonner  method  is  used  in  geodetic  surveying-  where  instruments 
of  great  precision  are  available.  The  method  of  repetition, 
however,  is  most  used  in  ordinary  work,  where  transits  are  seldom, 
graduated  to  read  closer  than  20".  Any  method  of  procedure 
should  aim  to  eliminate  instrumental  errors  (p.  104),  and  to  re- 
duce to  a  minimum  all  errors  of  observation.  To  eliminate 
instrumental  errors  the  precautions  of  Art.  140,  p.  101,  should  be 
taken.  A  niunber  of  methods  of  procedure,  each  of  which  em- 
bodies these  precautions^  are  in  common  use,  but  the  following 
is  reconmiended: 

(a)  Method  of  REPExmoN.  The  method,  in  brief,  is  to  repeat 
the  angle  six  times  to  the  right,  inverting  the  telescope  at  the 
end  of  the  third  repetition.  Then,  without  resetting  the  vernier^ 
measure  the  explement  (360^ —angle)  also  to  the  right,  with  the 
telescope  still  inverted  for  the  first  three  repetitions,  but  normal 
for  the  last  three.  Theoretically  the  vernier  reading  should 
come  back  to  the  original  setting,  and  the  sum  of  the  two  angles 
(angle  +  explement)  should  equal  360°.  The  discrepancy, 
equal  to  the  difference  between  the  final  reading  and  the  original 
setting,  represents  the  total  cumulative  error  due  to  both  ac- 
cidental and  constant  errors,  and  this  error  has  been  found 
constant  for  a  given  instnunent  and  given  conditions  within 
the  probable  error  of  pointing.  It  seems  probable,  therefore, 
that  when  the  angle  and  its  explement  are  each  corrected  by 
half  the  amount  of  the  cumulative  error,  the  errors  from  all 
sources  have  been  as  far  as  possible  eliminated.  This  is  oon- 
firaied  by  the  fact  that  when  angles  measured  by  this  method 
are  so  corrected  they  are  in  close  accord,  even  though  they  are 
taken  under  conditions  which  give  closing  errors  of  wide  range. 

It  is  to  be  noted  that  the  plates  are  always  turned  in  the  same 
direction,  clockwise,  and  that  there  are  in  all  twelve  repetitions, 
six  for  each  angle,  but  that  the  verniers  are  set  only  once.  Both 
verniers  should  be  read  to  eliminate  errors  of  eccentricity. 

(6)  Method  of  ^procedure,  (Illustrated  by  notes  on  p.  1 97. )  First 
ttep,  (1)  Set  the  A  vernier  at  0°,  or  at  random,  and  record  the 
reading  of  both  the  A  and  the  B  vernier.  (2)  Take  the  angle  to 
the  right,  record  the  single  reading  as  an  approximate  check,  and 
repeat  two  more  times,  three  repetitions  in  all.  (3)  Invert  the 
telescope  and  continue  the  repetitions  for  three  times,  or  until 
nx  repetitions  in  all  have  been  made*  (4)  Record  both  vernier 
readings. 
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Second  step.  Without  resetting  the  vernier,  measure  the  ex- 
plement  of  the  angle  clockwise  in  exactly  the  same  way,  with 
the  telescop>e  inverted  for  the  first  three  repetitions  and  normal 
for  the  last  three. 

These  two  steps  constitute  a  "set,"  and  from  two  to  four  sets 
for  each  angle  are  usually  sufficient  in  ordinary  work. 

(c)  Practical  suggeationa,  (1)  Great  delicacy  of  manipulation  is  required, 
as  a  slightly  awkward  touch  will  often  spoil  a  set.  Keep  the  hands  off  the 
tripod,  turn  the  plates  gently,  taking  hold  of  the  plate,  not  the  telescope, 
and  do  not  force  the  clamps.  (2)  Notice  that  in  the  first  step  the  back- 
sight is  always  on  the  left-hand  station,  while  in  the  aecond  step  it  is 
always  on  the  right-hand  station.  Remember  that  the  lower  clamp  and 
tangent-screw  are  used  for  backsighting,  p.  91,  and  that  turning  the  wrong 
tangent-screw  will  spoil  a  set.  (3)  Half  the  observations  are  taken  with 
inverted  telescope  to  eliminate,  as  far  as  possible,  errors  in  the  horizon- 
tality  of  the  supporting  axis  of  the  telescope  as  well  as  errors  of  coUima- 
tion.  Hence  do  not  touch  the  leveling-screws  during  the  progress  of  a 
set.  (4)  Be  sure  in  making  all  pointings  to  turn  the  tangent -screws  against 
the  opposing  springs.  (5)  With  the  exception  of  the  single  check  reading 
no  readings  are  taken  untU  the  six  repetitions  have  been  completed.  Read 
one  row  of  graduations  exclusively,  p.  71.  (6)  This  method  does  not  in- 
volve the  precaution  of  measuring  an  angle  first  to  the  right  and  then  to 
the  left,  but  the  error  is  allowed  to  accmnulate  and  then  is  corrected. ,  There 
are  several  other  methods  of  procedure  in  use  which  do  involve  this  pre- 
caution, but  the  method  given  here  is  used  in  the  U.  S  Coast  and  Geocietic 
Survey,  and  is  considered  one  of  the  best  of  the  methods  of  repetition. 

lUuatration,  The  following  is  an  outline  of  the  work  that  was  done  when 
the  notes  on  the  opposite  page  were  taken:  (1)  Set  the  A  vernier  at 
O^O'O";  found  the  reading  of  the  B  vernier  to  be  180°  O'O";  entered 
these  two  readings  on  the  fourth  line  from  the  bottom  of  the  page,  oppo- 
site A.  (2)  Measured  the  angle  ACB  once  and  recorded  the  single  read- 
ing on  the  second  line  from  the  bottom,  opposite  Bl\  repeated  the  angle 
five  times  in  addition,  the  last  three  with  telescope  inverted;  recorded 
both  vernier  readings  (252°  31'  0"  and  72°  31'  0")  opposite  B6.  These 
two  readings  happen  to  agree  in  minutes  and  seconds.  (3)  Allowed  the 
verniers  to  remain  at  these  two  readings  (which  are  again  recorded  oppo- 
site B,  three  lines  up  the  page),  backsighted  on  B,  and  made  six  repetitions 
of  the  explementary  angle  BCA  ;  recorded  the  two  vernier  readings  (0®  1'  0" 
and  180°  1'  0").  Evidently  the  total  error  which  has  acciraiidat«d  from 
all  sources  is  0°  V  0".  This  completes  the  field  work  of  the  first  set. 
(4)  Worked  out  the  values  in  the  fourth  column  as  indicated.  Since  the 
readings  from  both  verniers  agree  exactly  throughout  the  work  in  this 
first  set,  the  values  in  the  fourth  column  are  exactly  the  same  as  the  corre- 
sponding values  in  the  second  column  except  2160°  1'  0",  which  was  ob- 
tained by  adding  6X360°  to  0°  1' 0",  since  the  indicator  has  moved  six 
times  around  the  graduated  circle.  [See  p.  100,  Art.  138(d).]  (5)  Worked 
out  the  values  in  the  fifth  colmnn.  Since  the  sum  of  42°  5'  10"  and 
317°  55'  exceeds  360°  by  10",  and  since,  presumably,  the  angle  and  its 
explement  were  measured  with  equal  precision,  each  value  was  reduced 
6",  the  corrected  values  42°  5'  5"  and  317°  54'  55'  were  recorded  in  the 
fifth  column,  and  the  two  values  were  finally  added  to  make  sure  that  their 
sum  is  360°. 

The  second  set  was  carried  out  in  exactly  the  same  way  except  that  in 
the  beginning  the  verniers  were  set  at  random  (25°  20'  30"  and  205°  20'  0") 
in  order  to  avoid  bias  from  the  readings  in  the  first  set,  and  also  to  use  a 
diiferent  portion  of  the  limb.  In  this  set  the  readings  from  the  two  ver- 
niers disagree  in  two  instances  and  hence  the  corresponding  values  in  the 
fourth  cohunn  are  mean  values.  The  value  2185°  20'  45"  was  obtained 
by  adding  6X360°  to  25°  20'  45". 

The  values  of  the  required  angle  as  found  in  the  first  and  second  set 
were  42°  6'  6"  and  42°  5'  10",  and  since  no  other  sets  were  taken  the  final 
value  is  the  mean  of  these  two  or  42°  5'  7.5",  as  indicated  in  the  last 
colimin. 
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251-  Field  Notes  for  Triangulation.  Many  forms  are  in 
common  use.  The  advantages  of  the  form  on  the  preceding  page 
are:  Only  six  columns  are  required,  all  arithmetical  work  is 
shown,  and  the  notes  are  practically  self-explaining.  Notice 
the  following  points:  (1)  The  first  three  cohmins  are  completed 
in  the  field,— the  last  three  may  be  worked  up  in  the  office. 
(2)  The  vernier  readings  occupy  only  two  lines  for  any  one  angle, 
but  leave  three  lines  at  the  bottom  of  the  page  and  three  between 
angles  for  the  arithmetical  work.  The  notes  are  entered  from  the 
bottom  of  the  page  up  as  a  matter  of  convenience  in  subtracting 
vernier  readings.  (3)  The  fourth  column  is  the  mean  of  mintUes 
and  seconds  read  from  verniers  A  and  B.  The  degrees  are  taken 
from  A.  Ignore  the  degrees  in  the  B  vernier  reading:  they  are 
usually  not  recorded  at  all.  When  they  are  recorded,  however, 
they  serve  as  a  check  on  blunders  in  reading  vernier  A.  The 
two  readings  would  be  180°  apart,  provided  there  were  no 
eccentricity.  (4)  The  single  reading  in  the  second  column  is 
entered  simply  as  an  approximate  check. 

Suaaeations.  (1)  Always  enter  at  the  head  of  the  notes  the  station 
occupied  and  the  angles  measured.  (2)  Sketches  of  the  triangulation, 
explanatory  notes,  and  other  data  are  put  on  the  opposite  pa^ce.  Data 
pertaining  to  the  weather,  to  atmospheric  conditions,  to  the  kmd  of  in- 
strument used,  etc.,  are  more  important  in  triangulation  than  in  other 
kinds  of  work.  (3)  When  a  set  of  notes  is  manifestly  incorrect  cross 
them  out  neatly  and  write  across  them  "Abandoned"  or  "Incorrect." 

252.  Signals  for  Stations.*  In  Fig.  252  is  shown  a  form  of 
signal  which  may  be  used  in  ordinary  work. 
The  requirements  are:  (1)  The  mast  should  be 
plumb  and  over  the  station;  (2)  The  four  legs 
should  be  set  firmly  in  the  ground  and  be  cross- 
braced  to  make  them  rigid.  (3)  The  cross- 
bracing  and  the  bottom  of  the  mast  should  be 
high  enough  from  the  gi'ound  to  allow  the  in- 
strument to  be  placed  underneath  and  the  work 
Fig.  252.  to  be  carried  on  without  disturbing  the  signal. 

(d)  Practical  auggeations.  (1)  To  anchor  the  legs  dig  holes  two  feet  or 
so  into  the  ground,  and  when  the  legs  are  planted  drive  a  stake  into  the 
ground  beside  each  leg  and  nail  the  leg  to  the  stake.  (2)  Plumb  the  mast 
by  observing  it  from  four  different  positions,  holding  a  plumb-une  before 
the  eye  (3)  Signals  may  often  be  constructed  from  poles,  4"  or  5"  in 
diameter,  cut  in  the  woods.  Old  fence-rails  make  good  braces.  (4)  It  is 
sometimes  difficult  to  set  a  quadripod  signal  so  that  its  legs  will  not  inter- 
fere with  lines  of  sight  to  other  stations;  for  this  reason  a  tripod  signal 
is  often  preferred.  (5)  Put  a  small  hook  on  the  bottom  of  the  mast  from 
which  to  suspend  the  plumb-bob. 

*  See  Gillespie,  Vol.  II,  Johnson,  or  Wilson  for  the  construction  of  more 
^borate  signals. 
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(6)  Pradieal  Queaiiom.  (1)  What  BhouLd  he  the  diameter  of  the  mattf 
Make  it  as  small  as  possible  and  yet  have  it  distinctly  visible,  so  that  it 
may  be  accurately  bisected  by  the  cross-hair.  The  latter  will  ordinarily 
cover  a  »^crip  0.3  of  an  inch  wide  at  a  mile,,  or  about  3  inches  for  a  10-mile 
sight.  Use  a  pole  I"  in  diameter  for  sights  less  than  a  mile,  and  poles 
up  to  3"  in  diameter  for  five-mile  sights.  A  pole  4"  in  diameter  can  be 
Been  twenty  miles  with  a  good  telescope  and  clear  atmosphere. 

(2)  W?uit  error  ia  allowable  in  centering  a  mast  or  an  inetrument  over  a 
tiationt  From  the  table  on  p.  108  it  is  seen  that  in  order  to  make  an 
error  of  one  second  in  an  angle  the  instrument  or  masts  must  be  out  of 
position  the  following  amounts : 

w  A  of  an  inch  for  sights    500  ft.  long. 

V» '    1000  ♦•    •• 

A  * '   *  *     "      *  *       *  *      a  mile  long. 
3  inches  *  *       '  *      10  miles  long. 

If  the  lengths  of  sights  are  known  approximately,  and  limits  of  error 
for  angular  measurement  have  been  adopted,  the  above  table  will  serve 
as  a  guide  in  centering  the  mast,  setting  up  the  instrument,  and  in  point- 
ing. 

(c)  Eccentricity  of  stations.*  It  is  sometimes  necessary  to  use  for  sub- 
stations objects  which  are  inaccessible  or  over  which  an  instrument  can- 
not be  set  up.  In  this  case  one  of  the  methods  for  inaccessible  points 
(Chapter  XVIII)  may  be  used. 

lUuetration.  A  church-steeple  is  located  from  two  triangulation  sta- 
tions. A  traverse^  is  started  near  the  church.  ^  The  spire  and  two  traverse 
stations  form  a  triangle.  The  length  of  the  side  between  the  traverse  sta- 
tion having  been  measured,  the  other  two  sides  may  be  found,  p.  222.  It 
will  be  necessary  in  addition  to  observe  the  angle  between  lines  from  one 
traverse  station  to  a  triangulation  station  and  to  the  spire. 

253.  Limits  of  Error.  In  a  test  of  a  6- in.  transit  reading  only 
to  30",  sights  were  taken  from  the  same  station  to  five  distant 
points.  Angles  were  measured  in  succession,  each  angle  being 
given  twelve  repetitions,  six  times  with  the  telescope  normal 
and  six  with  the  telesbope  inverted.  Upon  completing  the 
circle  the  sum  of  the  angles  exceeded  360°  by  5",  or  an  average 
error  of  1"  per  angle. t 

In  an  example  taken  from  actual  practice  eight  angles  of  a 
triangulation  system  were  measured  with  a  6-in.  transit  reading 
to  20".  Twelve  repetitions  were  given  each  angle,  following  the 
method  of  procedure  outlined  on  p.  195.  Angles  were  adjusted 
by  the  method  of  logarithmic  residuals,  and  the  maximum 
difference  between  the  measured  value  of  an  angle  and  its  ad- 
justed value  was  3.98",  the  minimum  difference  was  0.57",  and 
the  mean  difference  for  the  eight  angles  was  1.86".  In  a  second 
system  of  eight  angles  the  differences  were:  Maximum  0.83", 
minimum  .07",  mean  0.44".  In  the  survey  from  which  these 
results  are  taken  work  was  continued  throughout  the  day,  re- 
gardless of  atmospheric  ''boiling"  or  of  wind  save  in  extreme 

♦  See  Gillespie,  Vol.  II,  p.  89. 
t  Eng.  News,  Feb.  14,  1901,  p.  122. 
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cases,  and  the  number  of  sets  measured  per  day  varied  from 
10  to  25,  the  time  occupied  in  going  from  one  station  to  another 
being  an  important  factor  * 

The  above  results  show  what  can  be  done  with  an  ordinary 
transit.  They  represent  a  higher  degree  of  precision  than  is 
ordinarily  required  in  simple  triangulation  covering  small  areas. 
In  any  given  case  the  allowable  angular  error  is  determined  by 
the  allowable  error  in  the  position  of  a  triangulatipn-point,  and 
this  depends  not  only  upon  the  angular  error,  but  upon  the  size 
and  proportions  of  the  triangle  and  upon  the  precision  of  the 
base-line  measurement. 

254.  Triangulation  and  Trigonometric  Leveling.  Let 
A  and  B  be  the  ends  of  a  base-line  and  C  the  third  station  of  the 
triangle.  If  the  distance  AC  has  been  found  by  triangulation, 
and  the  vertical  angle  was  taken  to  C  when  the  instrument  was 
at  i4,  the  difference  in  elevation  between  A  and  C  may  be  com- 
puted (p.  244).  In  like  manner  the  difference  in  elevation  be- 
tween B  and  C  may  be  found,  and  since  the  base-line  is  either 
level  or  the  difference  in  elevation  of  its  two  ends  is  known  this 
affords  a  check  on  the  elevation  of  C  When  the  instrument  is 
moved  to  C  the  vertical  angles  and  triangulation  distances  to 
two  other  stations  will  give  the  elevations  of  these  two  stations, 
and  so  on  indefinitely.  As  the  horizontal  angles  must  be  meas- 
ured anyhow,  the  only  additional  field  work  consists  in  measuring 
vertical  angles;  hence  it  is  an  economical  method.  As  the  ele- 
vation of  each  station  may  be  determined  by  independent  ob- 
servations from  at  least  two  stations,  there  is  a  good  check  on 
the  work.  The  results  in  many  cases  compare  favorably  with 
results  obtained  by  spirit-leveling. 

*  Eng.  News,  May  30, 1901,  p.  402. 


CHAPTER  XVII 

TRANSIT  SURVEYING— SPECIAL  WORK 

The  first  part  of  this  chapter  deals  with  certain  problems  which  occa- 
Ronally  arise  in  transit  surveying.  The  second  part  outlines  methods  of 
rtaking  out  work  for  purposes  of  construction.  There  is  no  end  to  the 
variety  encountered  in  this  special  work,  but  typical  cases,  such  as  a  young 
engineer  is  likely  to  meet  early  in  his  experience,  have  been  selected. 
Those  cases  in  which  leveling  and  transit  work  are  combined  are  treated 
in  Chapter  XXIII.  No  attempt  is  made  to  take  up  railway  work,  as  that 
fl  a  subject  in  itself,  fully  treated  in  books  on  railway  surveying. 


255.  Balancing-in  the  Transit,  i.e.,  to  set  up  a  transit  on 
line  between  two  given  points.  It  is  assumed  that  neither  point 
can  be  seen  from  the  other,  as  this  is  the  most  difficult  case,  but 
it  is  also  assumed  that  both  of  the  given  points  can  be  seen  from 
the  required  point  at  which  the  transit  is  to  stand.  Set  two 
poles  on  line  from  30  to  100  ft.  apart,  one  on  each  side  of  the 
required  transit  point.  Line  the  poles  in  by  the  method  on 
pag2  55.  The  transit  can  now  be  set  approximately  on  line  by 
means  of  the  two  poles,  and  roughly  leveled  up.  Sight  on  one 
of  the  given  points,  plunge  the  telescope,  note  how  far  to  one 
side  of  the  other  point  the  line  of  sight  strikes  and  move  the 
transit  accordingly.    Repeat  imtil  the  transit  is  on  line. 

Practical  Hints.  The  preliminary  use  of  the  two  poles  (or  short  stakes 
if  poles  are  not  at  hand)  saves  time.  The  nearer  on  line  the  transit  is  the 
more  carefully  it  should  be  leveled  up,  especially  the  level-bulb  at  right 
angles  to  the  line  of  sight.  Usually  after  one  or  two  preliminary  set-ups 
the  transit  can  be  brought  into  line  by  means  of  the  shifting  head.  Do 
not  split  hairs  in  the  preliminary  set-ups.  Do  not  backsight  indiscrim- 
inately first  on  one  of  the  given  points  and  then  on  the  other.  The  amount 
to  move  the  transit  can  be  estimated  more  easily  if  one  of  the  given  points 
is  always  used  for  a  backsight,  the  foresight  striking  near  the  other.  When 
the  transit  is  apparently  on  line  it  may  be  well  to  test  by  the  method  of 
double  reverse  <p.  92). 

256.  To  Sight  Parallel  to  a  Given  Line.  A  transit  stands,  for 
example,  a  few  feet  from  the  side  of  a  building  and  it  is  desired 
to  sight  parallel  to  that  side.  By  swinging  the  tape,  find  the 
shortest  distance  from  the  transit  to  the  side  of  the  building. 
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Suppose  this  distance  is  3.8  ft.  At  any  convenient  distance 
from  the  transit,  the  farther  the  better,  hold  one  end  of  the 
tape  against  the  building,  and  swing  the  tape  with  the  thumb 
or  pencil  held  3.8  ft.  from  the  end.  As  the  thumb  or  pencil 
describes  an  arc  of  3.8  ft.  radius,  it  will  seem  to  the  transitman 
looking  through  the  telescope  to  move  away  from  the  building 
and  then  towards  it.  Keeping  the  cross-hairs  on  it  by  moving 
the  telescope,  the  transitman  should  clamp  just  at  the  turn, 
i.e.,  when  the  thumb  or  pencil  is  farthest  from  the  side  of  the 
building. 

The  same  method  may  be  used  for  sighting  parallel  to  a  fence 
or  any  other  similar  object.  (For  a  method  when  the  parallel 
lines  are  some  distance  apart,  see  Art.  278  (6),  p.  224.) 

257.  To  Find  the  Intersection  of  Two  Straight  Lines. 
Suppose  that  AB  and  CD  are  the  two  intersecting  lines.  Set 
up  over  A  or  B  and  set  two  stakes  on  AB  from  6  ft.  to  10  ft. 
apart.  One  of  these  stakes  should  be  on  one  side,  the  other  on 
the  other  side  of  the  required  point  of  intersection  as  judged 
by  sighting  with  the  eye  along  CD,  Mark  the  exact  points  on 
the  stakes  with  nails  driven  part  way  in.  In  a  similar  manner, 
setting  up  over  C  or  D,  set  two  stakes  in  the  line  CD,  one  on 
each  side  of  the  point  of  intersection.  Find  the  required  point 
by  stretching  two  intersecting  strings  between  the  nails  in  the 
stakes. 

Remark.  It  is  evident  that  it  is  unnecessary  to  drive  stakes  on  the  line 
CD;  it  is  often  better  simply  to  establish  a  single  point, — i.e.,  where  the 
line  of  sight  crosses  the  string  (or  the  edge  of  a  tape)  stretched  between 
the  nails  on  AB, 

258.  To  Measure  the  Angle  at  a  Fence-corner.  It  is  as- 
sumed that  the  transit  cannot  be  set  up  over  either  fence-line. 
Establish  a  line  parallel  to  each  fence-line  as  close  to  it  as  con- 
venient (Art.  256),  find  the  intersection  of  these  two  lines  as 
explained  in  the  preceding  article,  and  setting  up  over  this 
intersection,  measure  the  angle.  The  angle  can  often  be  found 
indirectly  by  computation  (Art.  216  (d),  p.  151). 

Remark,  The  above  method  is  general;  a  special  method  requiring 
but  one  set-up  and  applicable  in  many  cases  is  as  follows:  Set  up  over 
any  point  inside  the  fences  and  as  close  as  practicable  to  the  comer.  lis- 
taolish  a  line  parallel  to  each  fence-line  (Art.  256)  and  measure  the  angle. 

Where  to  set  fences.  Division  fences  are  usually  set  so  that  the  posts 
and  rails  are  on  one  side  of  the  property  line  and  the  pickets  or  boards 
are  on  the  other  side.  Stone  walls  are  set  with  centers  on  division-lines. 
Fences  along  streets  should  be  set  so  that  no  post  nor  any  part  of  the  fenoe 
will  project  outside  of  the  street-hne.  Street-lines  should  be  marked  by 
monuments  or  merestonea  set  at  the  street-corners  or  on  offset  lines. 
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259.  Referencing  a  Point.  The  process  is  the  reverse  of 
that  explained  in  Art.  257,  and  consists  in  setting  four  stakes 
80  that  two  lines  between  them  will  intersect  at  the  point  to 
be  referenced.     (See  p.  55  for  this  and  two  other  methods.) 

Any  point  which  is  likely  to  be  disturbed  during  construction 

should  be  referenced.     In  some  cases  the  reference-stakes  must 

be  placed  some  distance  away,  in  other  cases  close  to  the  given 

point. 

IUu9tration.  A  transit  station  may  be  referenced  by  plunging  the  tele- 
scope and  setting  stakes  perhaps  100  to  200  ft.  away.  On  the  other  hand, 
reference  stakes  for  a  merestone  may  be  set  a  few  feet  each  side  of  the 
spot  where  the  hole  is  to  be  dug,  and  the  exact  point  on  each  stake  deter- 
mined by  stretching  strings  over  the  point  previously  located. 

260.  Referencing  a  Line.     (1)  Reference  any  two  points 

in  the  line  which  are  visible  from  each  other  and  far  enough 

apart  to  determine  the  line  accurately.     This  may  be  done  in 

two  ways:    (1)  By  offsets  from  buildings  and  other  permanent 

structures,  or  by  any  of  the  other  methods  of  referencing  points. 

(2)  By  referencing  one  point  in  the  line  and   measuring  the 

angle  which  the  line  makes  with  some  other  line.     This  includes 

referencing  a  line  by  its  azimuth  or  bearing. 

Remark.  The  importance  of  carefuUy  referencing  at  least  one  line  of 
a  survey  is  often  overlooked.  A  map  may  be  very  accurate  and  com- 
plete and  it  may  show  one  point  carefully  referenced,  but  unless  some 
line  is  referenced  also,  the  entire  survey  may  be  swung  on  the  one  known 
point  as  a  pivot.  This  is  the  source  of  much  of  the  trouble  in  rerunning 
dd  survesre,  and  gives  rise  to  many  boundary  disputes.  Objects  used 
for  reference  should  be  as  definite  and  as  permanent  as  possible. 

261.  To  Locate  Points  on  the  Water  with  Two  Transits. 

The  method  used  is  that  of  intersecting    angles   outlined   on 
page  137,  Art.  195. 

Practical  hints.  The  base-line  between  the  two  transits  should  be  so 
chosen  that  the  angles  of  intersection  are  not  too  oblique  or  too  acute. 
In  most  cases,  as  in  taking  soundings  from  a  boat,  the  work  must  be  done 
rapidly.  E^ch  transitman  follows  the  boat  with  his  telescope,  keeping 
the  line  of  sight  on  the  sounding  line  or  pole,  and  at  a  given  signal  from 
the  man  in  the  boat  reads  and  records  the  angle.  It  wul  eave  time  not  to 
damp  the  upper  plate  at  aU.  In  recording  angles  some  system  must  be  used 
so  that,  when  the  notes  are  plotted,  the  angle  to  a  gived  point  recorded  in 
one  transitman's  book  can  be  used  with  the  angle  to  the  same  point  re- 
corded in  the  other  transitman's  book.  It  is  just  here  that  mistakes  are 
•  likely  to  occur.  One  transitman,  for  example,  misses  a  signal  and  fails 
to  take  the  angle.  This  puts  him  one  angle  behind  the  other  transitman, 
and  this  causes  trouble  in  plotting.  One  method  of  avoiding  this  is  for 
each  transitman  to  record  the  exact  time  at  which  each  angle  is  taken  in 
a  column  reserved  for  that  purpose.  If  angles  are  taken  very  rapidly, 
record  the  time,  say,  of  every  fifth  angle.  Of  course  the  watches  of  the 
two  transitanen  should  be  set  to  keep  the  same  time.  As  an  additional 
precaution,  flags  of  different  colors  may  be  used  by  the  boatman,  as,  for 
examnle.  a  wlute  flag  each  time  a  new  set  of  10  soundings  is  begun,  a 
red  flas  each  time  a  new  set  of  100,  and  a  green  flag  foi  all  other  sound' 
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262.  To  Establish  a  Base-line  by  Means  of  a  Supplemen- 
tary Broken  Base-line.  When  local  conditions  make  it  im- 
possible to  establish  a  base-line  of  the  required  length  by  the 
usual  methods,  two  points  may  be  chosen  to  serve  as  ends  of 
a  base-line,  a  series  of  transit  lines  may  be  run  connecting  these 
two  points,  and  the  length  of  the  required  base-line  may  be 
computed  by  the  methods  explained  in  Part  II  for  calculating 
omitted  measurements.  The  calculated  length  may  be  checked 
by  repeating  the  work,  using  a  different  or  supplementary 
broken  base-line.  This  problem  is  practically  the  same  as  one 
which  often  arises  in  mine  surveying  and  tunnel  work. 

263.  To  Run  in  an  Arc  of  a  Circle  with  the  Transit  and 
Tape.  It  is  assumed  that  the  radius  is  so  large  that  points  on 
the  arc  cannot  be  found  by  swinging  the  tape.  The  method 
here  given  is  the  one  used  in  railway  surveying. 

(a)  Geometrical  and  trigonom^rical  principles.  In  Fig.  263 
AB  and  EF  are  two  lines  connected  by  the  arc  of  a  circle  be- 


ginning at  B  and  ending  at  E.  Each  of  the  lines  AB  and  EF 
is  tangent  to  the  arc,  and  the  two  lines  are  produced  until  they 
intersect  at  Q, 

Definitions  and  Notation 
BG  =  GE  are  called  tangents  (denoted  by  T), 
Angle  at  G  is  the  angle  of  intersection  (denoted  by  J). 
BO'^OE  is  the  radius  of  the  curve  (denoted  by  R), 
The  angle  OBI* is  the  deflection  angle  (denoted  by  D), 
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R-1  =  1-2  =  2-:3  is  the  chord  used  in  the  field  work  (denoted  by 
C). 

-8  =  point  of  curvature  (denoted  by  P.O.) 
^«=  point  of  tangency  (denoted  by  P.T.). 

(&)  Geometrical  Properties  op  a  Circi^ 

(1)  GB  =  GE  and  GBE  =  GEB  =  */. 

(2)  GEO -=-90°  =  GEO. 

(3)  /  =  BOE  and  BOG  =  J/  =  EOG. 

(4)  GBl  =  iBOl,GB2  =  iB02,  Gfi3  =  J503,  etc. 

(5)  1^=§102,  1^-J103,  lfi£;  =  JlO^. 

(6)  If  B-1  =  1-2  =  2-3,  then  BOl  =  102  =  203. 

(c)  Formulas  * 

(7)  Given  i?  and  /  to  find  T:  !r  =  iBx tan  J/. 

(8)  Given  /  and  !r  to  find  R:  ig  =  T  X  cot  J/. 

(9)  Given  ig  and  C  to  find  D:     sin  D  =  JC^-i^. 

(10)  Given  D  and  C  to  find  R:  ig  =  iC-^sin  D. 

(11)  Given  /,  T,  and  C  to  find  D:  sin  i)=  (Cxtan  i/)-4-2r. 

(12)  Given  /,  D,  and  0  to  find  T:        T=  (Cxtan  i/)-^2  sin  D. 

Formulas  for  chords  100  ft.  long: 
6ini>  =  50~ig;  sinD  =  (50Xtani/)-^r; 

i?=50-J-sin  D;  r=-  (SOXtan  J/)4-sin  D. 

To  find  the  number  of  diords  in  the  length  of  a  curve: 

(13)  N'-il-^D. 

li  D  ia  not  contained  an  even  number  of  times  in  ^I,  the 
fraction  of  a  chord  remaining  is  called  the  sub-chord,  and  the 
corresponding  deflection  angle  is  called  a  sub-deflection  angle. 
Thus  in  Fig.  263  the  chord  3-j^  is  not  quite  as  long  as  the 
others,  3-E  is  a  svb-chord  and  3BE  a  sub-deftsction  angle. 

(d)  Length  of  curve  is  usually  understood  to  mean  the  length 
as  found  by  measuring  the  chords  and  not  the  length  measured 
on  the  curve  itself.  Thus  if  the  standard  chord  used  in  run- 
ning in  the  curve  is  100  ft.,  and  the  number  of  chords  (A^)  found 
from  (13)  is  7.813,  then  the^  length  of  curve  is  781.3  ft. 

(e)  Degree  of  curve  is  understood  to  mean  the  number  of  de- 
grees at  the  center  subtended  by  a  100-ft.  chord.  Thus  in 
Fig.  263,  if  B-1  =  100  ft.  and  BOl  =6°,  the  curve  is  a  6°  curve; 
in  a  5°  curve  BOl  =5®;  in  a  1°  curve  ^01  =  1**,  and  so  on. 
From  Fig-  263,  RXsin  J  degree  of  curve=  JJ5-1,  or  if  deg.  repre- 
sents degree  of  curve,  iJ  =  jC-^  sin  J  deg.,  or  for  100-ft.  chords 

(14)  /?  =  50^sin  Jdeg. 

This  formula  is  practically  the  same  as  formula  (10). 

*  The  trigonometrical  relations  in  formulas  (7)  to  ( 12)  will  become  evident 
from  a  stu^  of  Fig.  263. 
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(/)  Field  work  of  running  in  a  circular  curve.  In  Fig.  263  it 
is  desired  to  connect  two  lines  AB  and  HF  by  the  arc  of  a  cir- 
cle which  shall  be  tangent  to  ^J5  at  &. given  point  B  (P.C.)i 
and  tangent  to  HF  at  some  unknown  point  E  (P.T.). 

(1)  Produce  AB  and  HF  until  they  intersect  and  measure  /. 

(2)  Measure  the  length  of  T  (BG)  and  establish  E  so  that 
EG  =  BO, 

(3)  From  (11)  calculate  the  deflection  angle  D. 

(4)  Set  up  at  B,  backsight  on  G,  turn  off  GBl  =  D  and  set 
the  point  1  100  ft.  from  B.  Keeping  the  backsight  on  G  turn 
off  2D  (i.e.,  GB2),  and  by  swinging  the  tape  with  one  end  held 
at  1  set  the  point  2  100  ft.  from  1.  Turn  off  3D  (i.e.,  GBS) 
and  set  the  point  3  100  ft.  from  2.  Since  S-E  is  less  than  100  ft., 
the  additional  angle  to  turn  off  (i.e.,  3 BE)  is  less  than  D.  This 
sub-deflection  angle  3BE  must  be  the  same  part  of  D  that  the 
sub-chord  Z-E  is  of  C  (i.e.,  of  100  ft.).*  The  length  of  3-E  may  be 
found  from  equation  (13).  E  as  located  from  B  by  deflection 
angles  should  check  with  E  as  located  in  the  first  place  by  chain- 
ing from  G  to  E. 

(g)  To  pick  up  a  tangent.  It  often  happens  that  some  of  the 
points  on  the  curve  cannot  be  seen  from  P.O.  It  then  becomes 
necessary  to  move  the  transit  from  P.O.  to  the  last  pK)int  on 
the  curve  set  from  P.O.  It  may  even  be  necessary  to  set  up  at 
several  points  before  the  curve  is  completed.  The  two  follow- 
ing rules  should  be  employed  in  backsighting  and  foresighting: 

(1)  When  sighting  at  any  point  of  the  curve  the  vernier  reading 
mv^t  be  equal  to  the  total  deflection  angle  used  for  locating  that 
point, 

(2)  When  sighting  alon^g  a  tangent  to  the  curve  at  any  point 
occupied,  the  vernier  reading  should  be  equal  to  the  total  deflection 
angle  for.  that  point. 

Illustration.  In  the  above  rules  the  total  deflection  angle  for  any  point 
means  the  sum  of  all  the  deflection  angles  from  the  original  tan|^nt  to  the 
point.  This  is  sometimes  called  the  index  reading.  Suppose  m  Fig.  263 
it  is  necessary  to  set  up  at  2  and  again  at  3. 

Set  up  at  2,  backsight  on  B  with  vernier  at  zero  (since  the  deflection 
at  B  is  zero),  plimge  and  turn  off  3Z>,  since  the  deflection  for  3  is  3D.  This 
locates  3.  Set  up  at  3,  backsight  on  2  with  the  vernier  set  at  2D  (since 
the  deflection  for  2  is  2D),  plimge  the  telescope  and  turn  off  i/  (since  the 
deflection  for  E  is  ^I). 

The  student  should  prove  the  above  method.  Prove  also  that,  in  ac- 
cordance with  the  second  nUe,  if  a  transit  is  at  3,  the  backsight  at  2  and 
the  vernier  at  2D,  the  line  of  sight  may  be  made  tangent  to  the  curve 
by  setting  the  vernier  at  32). 

(e)  Practical  auggeationa.     (1)  In  the  preceding  description  of  the  field 

*  This  is  not  strictly  correct,  but  accurate  enough  for  most  purposes. 
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work  it  was  assumed  that  100-ft.  chords  were  used.  This  is  customary  in 
railway  work,  but  if  for  any  reason  shorter  chords  are  used  the  principles 
still  hold  good. 

(2)  The  problem  has  numerous  variations.  For  example,  it  may  be 
required  to  run  a  curve  of  a  given  degree.  Equation  (14)  gives  the  radius, 
and  T  can  be  found  from  ^7).  Again,  the  pomt  of  intersection  Q  may  be 
inaccessible.  These  variations,  as  well  as  problems  dealing  with  reverse 
curves,  spiral  curves,  and  other  curves,  will  be  found  explained  in  field 
books  for  railway  work.  For  anything  likely^  to  arise  outside  of  railway 
nork  the  foregoing  principles  should  be  sufficient. 

(3)  The  total  oenection  or  index  reading  for  each  point  of  the  curve 
should  be  worked  out  and  entered  in  the  note-book  before  beginning  to 
run  in  the  curve.  As  a  check  notice  that  the  index  reading  for  P.T.  is 
equal  to  i/. 

264.  To  Lay  Out  a  Circular  Curve  with  the  Tape. 

(a)  By  tangent  offsets.  This  method  simply  consists  in  lay- 
ing off  each  deflection  angle  by  measuring 
an  offset  from  the  tangent  instead  of 
turning  it  off  with  a  transit.  Thus, 
for  example,  point  1  is  located  by  laying 
off  BC,  found  by  calculation,  and  C-1,  also 
found  by  calculation.  Theoretically  C-1 
is  perpendicular  to  BC,  but  in  practice  it 
is  better  to  establish  C  and  then  find  the 
intersection  of  C-1  with  the  chord  B-1, 
the  length  of  which  is  known,  than  to 
construct  the   right  angle  at  C.     The  Fig.  264  (a), 

formulas  needed  in  computation  are  easily  derived  from  trigo- 
nometry.    If  D  =  the  deflection  angle  and  R  the  radius>  then: 

Distance  along  tangent  Offset  from  tangent 

BC*        =  w-1  =  ig  sin  2D  C-l=  Bm=R  versine  2D 

BE  =/S-2  =/Bsin4D  E-2^BS  =/B  versine  4D 

For  N  chords  =  R  sin  2ND  For  N  chords  =  R  versine  2ND 

More  convenient  formulas  to  use  where  C  =  length  of  chords 
may  be  found  by  substituting  for  R  its  value  JC-5-sin  D: 

Distance  along  the  tangent  =  (JC  sin  2ND)-i-ain  D. 
Offset  from  the  tangent       =  (C  sin'  ND)  -i-  sin  D, 

In  computing,  the  logarithms  of  (iC-^sin  D)  and  (C-^sin  D)  re- 
main constant,  which  facilitates  work. 

(&)  By  offsets  from  chords  produced.  Produce  B-l  to  H  (Fig. 
264 (a)), making l-iJ-5-1.  Then  50:5-1  =  B-l:H-2  or  i^rC- 
C:H-2. 

Hence  H-2  ==C^-i-R,  or  in  the  case  of  100-ft.  chords  =  100' -^ R. 


*  In  most  cases  no  appreciable  error  ia  involved  by  caUing  BC^ff-. 


'J 
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Note  that  this  offset  equals  twice  the  tangent  offset. 

M  (c)  By  offsets  from  along  chord.    Sup- 
pose that  two  stations,  B  and  Af ,  are 
given  and  the  length  of  the  curve  BVM 
is  known.     Then  from  equation   (13), 
p.    205,   BOM  =^  2ND  and  the  middle 
ordinate  XV  =  R  versine  \BOM 
=  R  versine  ND. 
If  iV  =  2,  then  BOM  =  42)  and 
4^' '  XV  «=  R  versine  of  2D. 
Fig.  264  (c).              Another  form  is 

XV  =  \BMi2in\B0M', 
or  still  another  form: 

XV  =  OV-'OX  =  R-/^/r-'-  (^^'  =  R-Vr^-BXK 

For  any  other  ordinate  WZ  a  distance  XZ  from  the  middle 
ordinate:  ^ 

TrZ-TFP-ZP='N/F02-P02-XO  =  \/^2-^^'-  i^R'-BXK 
(d)  By  distances  scaled  from  a  map.  (1)  Plot  the  curve  to  a 
scale  large  enough  so  that  distances  can  be  scaled  as  closely  as 
will  be  required  for  measurements  in  the  field.  (2)  Scale  ordi- 
nates  or  offsets  to  some  assumed  base-line,  and  enter  these  dis- 
tances on  a  map  or  a  specially  prepared  sketch  for  use  in  the 
field.  (3)  Lay  out  the  base-line  in  the  field,  and  lay  off  the 
measurements  as  indicated  on  the  sketch. 

This  is  a  very  useful  method  for  work  in  which  extreme  ac- 
curacy is  not  required,  such,  for  example,  as  landscape  work. 

265.  Giving  Lines  for  Masonry.  (Seealso  Art.  224.)  Ex- 
cavation is  required  for  most  masonry  structures.  The  first  step, 
therefore,  is  to  set  stakes  which  will  guide  the  contractor  in 
digging.  Such  stakes  are  set  roughly  and  often  very  hurriedly, 
especially  if  the  contractor  is  already  "  on  the  job  "  and  waiting 
to  begin  work.  Before  the  excavation  reaches  its  full  depth 
the  surveyor  usually  sets  "batter-boards."  These  batter- 
boards  are  horizontal  boards  nailed  to  posts  or  to  some  other 
support,  such  as  the  wall  of  an  adjacent  building.  The  upper 
edges  of  the  boards  are  usually  set  at  some  known  elevation, 
say  an  even  number  of  feet  above  or  below  the  required  eleva- 
tion of  some  well-defined  line  of  the  structure.  They  are  also 
set  in  such  a  position  that  by  stretching  strings  from  one  to 
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aaother  the  mason  can  get  the  most  important  lines  of  the 

structure   (neat  lines).    The  exact  points  where  the  strings 

should  be  fastened  to  the  boards  are  marked  by  nails  or  by 

notches  cut  in  the  board.    Additional  suggestions  for  staking 

out  work  are  given  on  p.  159. 

Remark.  The  next  article  gives  in  detail  the  work  of  staking  out  a  house, 
and  Arts.  272  and  273  give  the  methods  of  staking  out  a  retaining-wall 
and  a  bridge  abutment.  These  typical  cases  will  suggest  methods  of  pro- 
cedure in  other  oases.  When  a  masonry  structure  is  on  a  grade  the  work 
osually  involves  considerable  leveling,  examples  of  which  are  given  in 
Chapter  XXIII  on  Leveling — Special  Work, 

266.  To  stake  Out  a  Building  means  to  establish  points 
which  will  guide  the  contractor  in  building  the  foundation.  It 
would  be  of  little  use  to  set  a  stake  at  each  comer  of  the  build- 
ing, for  these  stakes  would  be  knocked  out  in  excavating.  The 
usual  method  is  to  set  batter-boards  or  comer-boards  a  few  feet 
outside,  where  they  will  not  interfere  with  the  work  of  con- 
struction, and  to  cut  notches  or  drive  nails  in  the  upper  edges, 
80  that  the  mason  can  get  his  lines  by  stretching  strings  between 
the  points  thus  estabhshed.  Usually  the  upper  edges  of  the 
boards  are  set  at  the  elevation  of  the  top  of  the  foundation-wall 
or  water-table  (or  some  whole  number  of  feet  above  or  below 
the  top),  and  thus  serve  as  points  from  which  to  measure  the 
depth  of  the  cellar,  the  heights  of  walls,  and  other  elevations. 
The  architect  or  owner  usually  furnishes  the  surveyor  with  a 
blue-print  plan  of  the  building,  and  with  other  necessary  data, 
such  as  its  location  with  respect  to  street-lines,  boundary-lines, 
and  adjacent  buildings;  also  the  elevation  of  the  top  of  the 
foundation-wall  or  water-table  with  respect  to  some  datum, 
such  as  a  city  bench-mark,  a  merestone,  or  the  water-table  of 
an  adjacent  building. 

General  method.    The  aim  should  be  to  accomplish  the  work 

with  as  few  set-ups  and  as  few  measurements  as  is  consistent 

with  the  certainty  of  correct  results.     In  most  cases  the  best 

method  is  to  stake  out  temporarily  a  reference  rectangle,  to  make 

sure  that  it  is  correct,  and  then  to  use  the  sides  of  this  rectangle 

as  base-lines  for  locating  each  comer  of  the  building.     The  more 

irregular  the  outline  of  the  building  the  more  necessary  it  is  to 

have  base-hnes.    The  following  illustration  shows  one  method 

of  staking  out  a  building.     Study  it  to  see  if  some  other  method 

equally  good  or  even  better  could  have  been  used. 

(a)  lUvstration.  In  Fig.  266  (a)  the  front  of  the  building  is  parallel  to 
and  10  ft.  from  the  street-line;  it  is  30  ft. from  the  western  boundary-line. 
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(1)  Located  the  comers  A,  B,  C,  and  D  roughly  with  the  tape  so  that 

the  contractor  could  set  posts  for  the  batter-boards. 

(2)  The  line  of  sight  along  the  street-line  was  obstructed,  hence  set  up 
2  ft.  out  from  a  merestone  at  the  nearest  street-corner  and  established 
stations  (2)  and  (3)  on  a  line  parallel  to  and  2  ft.  outside  of  the  street- 
Une.     Station  (2)  is  30  ft.  from  boxmdary  line,  and  (3)  is  40  ft.  from  (2). 

(3)  Set  up  at  (2)  and  backsighting  on  a  near-by  bench-mark,  marked  a 
horizontal  line  on  each  post  3  ft.  above  the  elevation  of  the  water-table. 
The  contractor  nailed  the  boards  with  upper  edges  on  these  lines.  (Batter- 
boards  represented  by  double  lines  in  the  figure.) 
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Fig.  266  (a). 

(4)  Turned  off  90<»  from  the  line  through  (2)  and  (3),  and  established 
temporary  stakes  A  and  B;  also  two  nails  on  batter-boards  marked  2, 
and  a  reference-point  on  another  building  marked  R2. 

(5)  Set  up  at  (3),  turned  off  90°  from  line  through  (2)  and  (3),  and 
established  temporary  stakes  C  and  D;  also  two  nails  marked  3  and  a 
reference-point  on  a  fence  marked  R3. 

(6)  Measured  the  diagonals  BC  and  AD  of  the  reference  rectangle  as  a 
check.  Found  one  of  them  0.01  ft.  longer  than  the  other.  Ck>rrected  the 
error. 

(7)  Set  up  at  C,  sighted  at  A,  established  a  reference-hub  Re  and  a  nail 
c,  plunged,  and  established  a  reference-point  on  the  fence  Re  and  anothe]* 
nail  c. 

(8)  Set  up  at  D,  backsighted  on  (3),  turned  off  90°  as  a  check. — line  of 
sight  paasea  slightlv  to  the  left  of  B, — error  small  enough  to  be  ignored. 
Brought  line  of  sight  on  B,  established  a  reference-stake  Rd  and  nail  d, 
plimged  and  established  a  reference-point  on  the  fence  Rd  and  another 
nail  d. 

(9)  Set  the  intermediate  nails  marked  n  by  measuring  with  a  tape. 

(6)  Practical  suggestions.  (1)  The  reference-stakes  should  be  placed 
where  they  are  not  likely  to  be  covered  up  bv  building  materials,  and 
where  they  will  be  of  the  most  use  in  re-establishing  points  should  the 
batter-boards  be  disturbed.  (2)  It  is  often  necessary  to  set  a  new  build- 
ing with  its  front  on  line  with  one  already  built.  If  the  latter  is  not  par- 
allel to  the  street-line,  stations  (2)  and  (3)  should  be  set  on  a  line  parallel 
to  and  a  definite  distance  from  the  front  of  the  old  building.  (3)  Occa- 
sionally a  building  must  be  oriented  with  respect  to  the  true  north,  and 
then  it  may  be  necessary  to  establish  a  true  meridian. 

267.  To  Stake  Out  a  House-lot.  Procure  the  deed  of  the 
land,  or  consult  the  town  or  city  records,  and  from  the  descrip- 
tive clause  in  the  deed  stake  out  the  lot,  using  a  method  simi- 
lar to  that  of  the  preceding  article.  When,  as  is  often  the  case, 
the  descriptive  clause  is  so  indefinite  as  to  be  of  little  value,  the 
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surveyor  must  resort  to  other  methods.     (See  article  on  bound- 
ary surveys.) 

Practical  mgoeations.  An  iron  rod  or  half-inch  iron  pipe  set  in  the 
ground  with  about  3  ft.  of  it  below  frost-line  will  serve  as  a  permanent 
monument  for  each  comer.  Stone  posts  with  tops  a  few  inches  below  the 
surface  of  the  ground  are  much  better.  In  makmg  a  record  of  boimdary- 
lines  at  least  one  line  should  be  carefully  referenced  with  respect  to  per* 
manent  landmarks  (Art.  260,  p.  203). 

268.  Farm  Survey.  The  following  method  is  recommended: 
Run  transit  lines  conveniently  near  the  boundaries  by  the  azi- 
muth method,  locating  stations  to  the  best  advantage  (p.  149). 
Take  side  shots  to  each  comer,  and  if  boundaries  are  straight,  chain 
the  lengths  of  boimdaries  as  well  as  of  transit  lines.  If  bounda- 
ries are  not  straight,  locate  them  by  offsets  from  a  transit  line. 
The  azimuths  and  lengths  of  the  transit  lines  and  side  shots  to 
comers  as  found  above  are  all  the  data  required  for  the  office 
work  of  calculating  the  azimuths  and  length  of  each  straight 
boundary  line.  (The  measured  length  of  a  boundary-line  serves 
as  a  check.)  From  the  azimuths  and  lengths  of  the  boundary- 
lines  thus  calculated  the  area  may  be  computed,  as  explained 
in  the  chapter  on  Areas,  Part  II. 

Note.  For  a  quick  rough  survey  run  over  the  boundary-Knes  with  com- 
pass and  chain  or  tape.     (See  chapter  on  Compass  Surveying.^ 

269.  Survey  for  an  Architect.  A  map  from  which  an  archi- 
tect is  to  get  the  data  for  locating  and  planning  a  building 
should  show  a  number  of  things  not  found  on  an  ordinary  map. 
Moreover,  everything  of  importance  should  be  given  by  dimen- 
sions and  explanatory  notes  similar  to  a  working  drawing,  so 
that  the  architect  will  not  have  to  depend  upon  scaling  the 
map.     For  a  city  lot  the  map  should  show  as  a  rule: 

(1)  Outlines  of  the  lot  with  lengths  of  all  boundary-lines  and 
the  values  of  all  angles  plainly  marked  on  the  map.  One  side 
at  least  should  be  shown  carefully  referenced  with  respect  to 
two  or  more  permanent  points  (Art.  260,  p.  203). 

(2)  Street  and  curb  lines  and  the  line  of  the  street  sewer. 

(3)  Adjacent  buildings,  large  trees^  and  other  objects  which 
might  affect  the  location  of  the  building  or  the  location  of  win- 
dows in  the  building. 

(4)  Direction  of  the  true  north  shown  by  an  arrow  to  enable 
the  architect  to  plan  rooms  for  exposure, — the  true  bearing  of  a 
boundaiy-line  is  even  better,  for  it  helps  to  reference  that  line. 

(5)  Efevations  of  the  flow-line  of  the  sewer,  elevations  and 
grades  of  all  sidewalks  in  front  of  or  adjoining  the  lot,  and  the 
elevation  of  the  ground  itself.  If  the  surface  is  irregular/  con- 
tour-lines of  perfiaps  one-  to  two-foot  intervals  will  best  show 
the  elevations  of  the  ground. 
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Sometimes  in  addition  to  the  above  it  will  be  desirable  to  e^ve  the  de^ 
vations  of  water-tables  of  adjoining  building,  and  the  location,  heigbt, 
thickness,  and  plumb  of  adjacent  walls,  especially  if  the  propcwed  builmng 
is  to  fit  exactly  between  two  existing  buildings;*  location  and  depth  of 
existing  foundations;  size  and  location  of  water,  gas,  and  electric  mains, 
and  the  location  of  points  where  service-pipes  come  through  the  curb- 
When  the  building  is  planned  by  an  out-of-town  architect  the  engineer 
can  often  furnish  useful  information,  such  as  a  copv  of  the  city  ordinances 
pertaining  to  buildings,  the  nature  of  the  soil  where  the  building^  is  to 
stand  and  its  bdaring  power,  the  city  water  pressure,  and  other  local  con- 
ditions. 

270.  To  Locate  Machinery,  Lines  of  Shafting,  and  Similar 
Objects.  The  usual  methods  of  field  work  are  employed.  In 
much  of  the  work,  however,  such,  for  example,  as  the  alinement 
of  shafting,  leveling  must  be  combined  with  transit  work;  i.e., 
the  line  must  be  given  vertically  as  well  as  horizontally.  Es- 
tablish one  or  more  reference-lines  for  transit  work  (similar  to 
the  reference  rectangle  in  staking  out  a  house,  p.  210),  and  one 
or  more  permanent  bench-marks  for  leveling.  Establish  the 
location  and  elevation  of  all  important  or  ruling  points,  such  as 
bed-plates  and  foundations  for  machines  and  hangers  for  shaft- 
ing. (See  Chapter  XXIII  for  method  of  leveling  for  a  line  of 
shafting.)  The  data  for  this  work  are  usually  obtained  from  a 
previously  prepared  plan,  although  occasionally  the  surveyor  is 
called  upon  to  prepare  this  plan  also. 

Surveying  methods  are  now  used  to  a  considerable  extent  in 
the  construction  of  large  machines.  (See  **The  Use  of  Survey- 
ing Instruments  in  Machine-shop  Practice,"  Engineering  News, 
Dec.  11,  1902.) 

27 1 .  To  Stalce  Out  a  Road  or  Highway.  Stakes  are  usually 
set  at  least  every  50  ft.  For  an  ordinary  road,  such  as  a  mac- 
adam road,  the  first  step  is  to  run  the  center-line,  setting  the 
stakes,  however,  on  either  side  so  that  there  are  two  rows  of 
stakes,  one  for  each  edge  of  the  road.  These  stakes  are  usually 
located  by  offsets  from  the  center-line,  and  if  set  some  whole 
number  of  feet  (say  3  or  4  ft.)  outside  of  the  edges  of  the  road 
they  are  less  likely  to  be  disturbed. 

The  second  step  is  to  go  over  the  line  with  the  level,  estab- 
lishing grades,  and  marking  the  stakes  '  Cut '  or  *  Fill.' 

Note.  For  the  methods  of  establishing  grade-points,  marking  grade* 
stakes,  and  staking  out  city  streets  and  pavements,  see  Chapter  XXUI. 

Practical  suggestions.     (1)  For  an  ordinary  country  highway 

stakes  should  not  vary  from  line  or  grade  more  than  one  tenth 

*  The  author  has  in  mind  a  case  where  it  became  necessary  to  prac- 
tically redraw  the  plans  of  a  large  building  because  the  distances  between 
existing  buildings  on  either  side  were  incorrectly  given  on  the  map. 
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of  a  foot.  Of  course  greater  variations  might  be  allowed,  de- 
pending upon  the  location  of  the  road,  material  used,  and 
methods  of  payment  for  the  work.  (2)  If  extensive  cutting  or 
filling  is  to  be  done,  it  often  pays  to  set  slope-stakes,  as  in  rail- 
road work.  (3)  Curves  may  be  staked  out  according  to  one  of 
the  methods  in  Arts.  263,  264,  p.  204-208.  The  fourth  method 
(scaling  distances),  is  much  used  for  irregular  highways.  (4) 
Where  the  road  curves  sharply  or  the  grade  changes  rapidly  it 
may  be  necessary  to  set  stakes  at  shorter  intervals  than  fifty 
feet.  (5)  If  the  highway  has  not  already  been  laid  out,  it  will 
be  necessary  to  set  stakes  for  fence-lines  or  boundaries  o'  the 
road.  (6)  Sometimes  a  separate  set  of  stakes  is  used  for  grade, 
but  one  set  for  both  line  and  grade  is  preferable. 

272.  To  Give  Lines  for  a  Retaining-wall.  (See  also  Arts. 
224  and  265.)  In  Fig.  272  the  section  shown  of  a  retaining- 
wall  is  only  a  few  feet  in  length,  but  the  method  may  be  used 
for  a  wall  of  any  length.  (1)  Set  stakes  A  and  B,  or  if  more 
convenient  stakes  C  and  D.  If  possible,  each  stake  should  be 
some  whole  number  of  feet  from  the  nearer  end  of  the  wall. 

Either  line,  AB  or  CD,  will  be  sufficient  for  purposes  of  excavation. 
The  contractor  can  get   the   widths    W   and    W'    from    the    blue    print 
and    set    his    own    stakes    for    the    outside    lines    of    the    foundation 
no  matter  how  much  the  latter  may  be  broken  up 
by  steps.     The  lower  course  is  often  concrete  and 
it  is   immaterial   whether  the   contractor   gets  the  C  3 

outside   lines  exactly   right   or  not,   so   long  as   he  T  T 

makes  this  concrete  base  extend  the   minimum  dis-  i   { 

tance  each  way  as  called  for  by  the   plan;    if  he  ]  |i|||     T" 

should  make  it  a  little  wider,  no  harm  is  done.  I        I 

(2)  When   the  excavation   is  well  under 

way,  if  not  before,  set  batter-boards  at  a 

known  elevation,  and  by  nails  or  notches  give 

points  for  both  lines'  A  B  and  CD,     Very  often 

these  lines  must  be  established  parallel  to 

some  street-line  or  property  line. 

Practiced  Buogettiona.  (1)  There  are  several  well- 
defined  lines  at  the  top  of  the  wall  and  several  at 
the  bottom,  but  it  would  only  lead  to  confusion  to 
give  more  than  the  two  hnes  AB  and  CD.  These 
two  neat  lines  are  chosen  because  they  are  definite 
Hnes  and  moreover  determine  the  finished  face  of 
the  wall.  (2)  In  giving  lines  for  excavation,  it  is 
often  more  convenient  to  give  parallel  lines  that  are 
offset  a  whole  number  of  feet  from  the  required  lines. 
(3)  In  giving  lines  and  grade  for  the  finished  face  it 
may  be  convenient  to  use  plank  set  on  edge  across  Smctlan  \^iv 

the   trench,    as    in    sewer-work    (Chapter    XXIII).  *'''^'«'"  ^"^^ 

fSometimes  nails  driven  in  the  concrete  base  are  used  Fio.  272. 

for  the  lower  line.     (4)  Nearly  all  walls  are  so  long 
that  they  are  built  in  sections.     Stakes  and  batter-boards  are  set  in  ad- 
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vance  of  the  work  aa  they  are  needed,  and  strings  are  drawn  from  the 
stakes  or  batter-boards  to  the  finished  wall,  or  an  offset  line  may  be  used 
at  a  safe  distance  from  the  excavation.  (5)  When  the  wall  is  on  a  curve 
the  stakes  must  be  set  near  enough  together  so  that  the  wall,  though 
really  built  in  a  series  of  straight  lines,  will  appear  as  a  smooth  curve. 
Thus,  for  example,  for  a  curve  of  200  ft.  radius  points  should  not  be  more 
than,  say,  10  ft.  apart.  There  are  four  ways  of  locating  the  points:  (a)  By 
locating  the  center  of  the  curve  and  swinging  the  arc  with  the  tape, — only 
possible  for  true  arcs  of  circles  of  small  radius.  (6)  By  deflection  angles, 
p.  204.  (c)  By  offsets  from  tangent  or  long  chord,  p.  207.  (d)  By  ordi- 
nates  from  a  convenient  base-line,  the  ordinates  having  been  previously 
detentadned  either  by  calculation,  or  by  plotting  to  a  large  scale  and  scal- 
ing off  such  ordinates  as  it  is  desired  to  reproduce  upon  the  ground.  The 
latter  method  is  very  useful  for  irregular  curves,  such  as  those  which  occur 
in  landscape  work. 

273.  To  Give  Lines  for  a  Wing  Abutment.  In  Fig.  273 
the  main  part  of  an  abutment  is  shown,  but  the  concrete  foun- 
dation is  not  shown.  The 
work  is  similar  to  that  of 
giving  lines  for  a  retain- 
ing-wall  as  outlined  in  the 
preceding  article.  As  sug- 
gested in  that  article,  the 
best  line  to  give  is  where 
the  face  of  the  main  wall 
joins  the  foundation,  or  in 
this  case  the  Une  AB. 

(1)  Set  a  stake  i2  on  the 
'axis  of  the  bridge. 

(2)  Set  up  over  R,  and 
set  stakes  A  and  B;  also 
establish  points  O  and  0\ 

(3)  Set  up  over  O,  and 
turning  off  the  angle  of  the  wing  set  a  stake  in  line,  as  E,  Repeat 
the  operation  at  0\ 

Practical  suggestions.  (1)  It  may  be  necessary  to  set  points 
A  and  B  some  distance  from  R,  perhaps  on  piles  or  coffer-dam, 
if  construction  has  already  begun.  (2)  If  AB  comes  in  the 
water,  it  may  be  necessary  to  set  offset  stakes,  as  A'  and  B^ , 
instead  of  A  and  B.  The  offset  distance  should  be  some  whole 
number  of  feet  if  possible,  and  should  be  plainly  marked  on 
the  stakes.  (3)  If  for  the  same  reason  it  is  inconvenient  to 
establish  Rj  set  two  points,  as  H  and  K^  on  the  axis  of  the  bridge. 
The  contractor  can  produce  the  line  through  these  points  with 
sufficient  accuracy  for  starting  the  piling,  coffer-dam,' etc.  If 
the  stream  is  narrow,  one  of  these  points  may  be  set  on  the 
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Fig.  273. 
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opposite  shore.  (4)  If  O  is  inaccessible,  the  line  EO  may  be 
established  by  measuring  off  either  a  tangent  distance  from  AB, 
as  BE,  or  a  tangent  distance  from  the  parallel  offset  line  A'B\ 
The  right  angle  at  B  may  be  laid  off  by  eye,  as  the  length  of  the 
wing  is  usually  short  compared  with  the  distance  OE.  Since 
0  cannot  be  marked  by  a  stake,  set  some  point,  as  i^,  on  the 
opposite  shore,  or  if  the  stream  is  too  wide,  set  F'  on  the  same 
shore.  (5)  Stakes  will  answer  for  preliminary  construction, 
but  they  should  be  replatjed  by  batter-boards  giving  eleva- 
tions as  well  as  lines. 

274.  To  Give  a  Line  for  a  Tunnel.  The  field  work  involved 
is  simple  or  compUcated  according  to  local  conditions.  The 
simplest  case  is  when  a  preliminary  straight  line  can  be  run 
over  the  surface  of  the  ground  between  hubs  on  the  center-line 
of  the  tunnel,  one  at  each  entrance.  It  may  be  necessary  to 
run  a  traverse  in  order  to  locate  this  line.  Once  the  line  is 
established  it  may  be  prolonged  a  few  hundred  feet  at  each 
end,  and  permanent  targets  established  which  will  be  used  as 
backsights  when,  in  the  progress  of  the  work,  it  becomes  neces- 
sary to  set  up  the  transit  inside  of  the  tunnel.  The  Une  may  be 
prolonged  from  a  backsight  by  the  method  of  double  reverse. 

In  many  cases  the  preliminary  straight  line  between  the  ends 
of  the  tunnel  cannot  be  run  because  of  obstacles,  such  as  a 
river  or  a  high  cliff.  In  that  case  the  direction  and  length  of 
the  axis  of  the  tunnel  must  be  ascertained  either  by  triangu- 
lation  or  by  running  a  traverse,  the  closing  side  of  which  is  not 
measured,  but  found  by  the  methods  explained  in  Part  II  for 
calculating  omitted  measurements.  The  omitted  side  is  of 
course  the  required  Une  of  the  tunnel. 

When,  as  is  often  the  case,  the  tunnel  is  on  a  grade  the  methods 
for  giving  a  grade  explained  in  the  chapter  on  leveling  are 
used.  Even  when  the  tunnel  is  level  it  will  be  necessary  to 
establish  the  two  ends  at  the  same  elevation  by  running  lines 
of  levels  between  them  before  the  tunnel  is  started. 

When  the  tunnel  is  on  a  curve  the  work  becomes  still  more 
complicated,  the  curve  being  run  in  by  the  method  of  Art.  263, 
p.  204,  or  by  some  similar  method. 

275.  To  Locate  Piers  for  a  Bridge.*    It  is  assumed  that  it 

♦  Chapter  XVI,  on  TrianquUUion  should  be  read  in  connection  with  this 
utide.  For  a  more  complete  treatment  of  the  subject  the  student  is 
referred  to  a  chapter  on  triangulation  for  bridge-piers  in  *'De  Pontibus  "  by 
J.  A.  L.  WaddelJ  (John  WUey  &  Sons). 
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is  impracticable  to  measure  from  pier  to  pier  with  the  tape. 
The  problem  is  a  double  one:  (1)  To  find  by  triangulation 
the  total  distance  from  a  point  on  one  shore  to  a  point 
on  the  opposite  shore,  both  points  lying  in  the  axis  of  the 
bridge;  (2)  To  locate  at  least  one  point  for  each  pier  by 
calculating  two  angles  such  that  when  these  angles  are  turned 
off  from  different  base-lines  or  from  two  different  points  on 
the  same  base-line,  the  two  lines  of  sight  will' intersect  at  the 
required  point.  The  amount  of  work  involved  in  the  second 
half  of  the  problem  depends  upon  the  number  of  piers  to  be 
located. 

(a)  The  ideal  method.     (1)  Establish  a  base-line  on  each  shore 

exactly  perpendicular  to  the  axis  of  the  bridge,  extending  above 

,  and  below  the  bridge.     (2)  Find 

*        /  y        by  triangulation  the  perpendic- 


V ^ 


/4£_ 


y  ,/  uiar  distance  AB  between  base- 


\ 

V          ^(pieri  y^  lines   on   opposite   shores.     (3) 

^\  /  Having  determined  where   the 

r     ^     /  \  piers  are  to  be  located,  lay  off 

/          /CPter2    \^  above  and  below  the  bridge  on 

y          /       ^^         ^\  each  base-line  the  distance  from 

'"'*        .          Oft     V  that  base-line  to  the  nearest  pier, 


8 

Fig   275(a).  ^'^^  *^®^  ^^  succession  the  dis- 

tances to  other  piers,  so  that 
each  pier  will  be  located  by  two  intersecting  lines  making 
angles  of  45°  with  the  base-lines  on  opposite  shores  as  well  as 
with  the  axis  of  the  bridge.  Any  one  of  the  intersecting  lines 
can  be  established  at  any  time  by  simply  sighting  from  a  point 
on  one  shore  to  a  point  on  the  opposite  shore  vrithotU  turning  off 
an  angle. 

Remark.  The  chief  advantage  of  this  method  lies  in  the  fact  that  after 
the  90**  angles  at  A  and  B  have  been  laid  off  and  the  four  angles  meas- 
ured in  step  (2)  to  determine  the  length  of  AB,  no  further  measurement 
of  angles  is  necessary. 

(6)  General  method.  It  is  seldom  that  the  ideal  method  can 
be  employed  because  the  conditions  do  not  often  permit  base- 
lines to  be  laid  out  on  both  shores  in  the  matmer  indicated. 
There  are  two  alternatives: 

(1)  Establish  base-lines  on  opposite  shores,  both  above  or 
both  below  the  bridge. 

(2)  Establish  two  base-lines  on  the  same  shore,  one  above  and 
one  below  the  bridge. 
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Queatian.  Two  other  locations  for  base-lines  are  possible:  (1)  Both 
base-lines  on  the  same  shore  and  on  the  same  side  of  the  bridge.  (2)  The 
two  base-lines  on  opposite  shores,  one  above,  the  other  below  the  bridge. 
Why  would  each  of  these  conditions  be  unsatisfactory? 

Base-lines  should  be  laid  off  approximately  at  right  angles  to 
the  axis  of  the  bridge,  but  it  is  not  worth  while  to  aim  at  exact 
right  angles,  for  much  time  in  the  field  may  thus  be  wasted, 
while  the  time  saved  in  computation  is  very  little.  It  is  better 
to  lay  off  the  base-line  in  the  most  favorable  location,  and  let 
the  angle  of  its  intersection  with  the  axis  of  the  bridge  be 
oblique.  A  general  method  of  procedure  is  given  in  the  fol- 
lowing illustration. 

(c)  lUuBtration.  The  following  steps  were  taken  in  locating  the  center- 
pcMnts  A  and  B  of  two  piers. 


(1)  Established  a  base-line 

SU  i 


SH  on  the  south  shore  inter- 
secting the  longitudinal  axis 
fA  the  bridge  at  S-  also  a 
similar  baseline,  NM,  on  the 
north  shore. 

(2)  Carefully  referenced 
hubs  8,  H,  N,  and  M,  p.  203. 

(3)  Measured  the  length  of 
each  base-line  a  number  of 
times  and  found  its  probable 
value  and  the  probable  error, 
PP- 57-59.  "•"BawLineNo.l 

(4)  Measured  the  angles  of 
the  triangle   MSN;    also  the  Fig.  275  (c). 
angles  of   the  trian^  NSH. 

Six  sets  (p.  194)  were  taken  for  each  angle  and  its  probable  value  and 
probable  error  determined,  p.  19. 

(5)  Computed  the  distance  SN  from  the  triangle  MSN;  also  from  the 
triangle  NSH.  The  two  computed  lengths  checked  within  the  limit  of 
error  adopted.     (A  discrepancy  of  less  than  0.05  ft.  (or  i")  per  1000  ft.) 

(6)  Computed  the  angles  BHS  and  AHS;  abo  the  angles  BMN  and 
AMN. 

(7)  Made  out  and  blue-printed  a  triangulation-sheet  showing  all  com- 
puted angles  and  distances  as  well  as  measured  angles  and  distances. 

(8)  Laid  oflf  the  computed  angles  BHS,  AHS,  BMN,  and  AMN.  The 
check  on  the  intersection-points  A  and  B  was  tried  by  sighting  from  S  to 
N:  this  line  passed  through  B  almost  exactly  but  was  i''  from  A,  which 
was  within  the  allowable  error  adopted  for  this  work,  i.e.,  i"  for  all  inter- 
sections.    Each  angle  was  turned  on  twelve  times. 

(9)  Set  targets  An  and  Bn  on  the  north  shore,  and  Aa  and  Ba  on  the 
south  shore,  so  that  the  intersecting  lines  could  thereafter  be  established 
without  turning  off  angles.     Carefully  referenced  these  points. 

id)  Practical  auggeetions.  Baae-line.  (1)  Choose  its  location  with  a 
view  to  the  proper  proportions  of  triangles,  p.  193.  This  will  make  each 
base-line  approximately  equal  to  the  total  length  of  the  bridge, — not  less, 
say,  than  three  quarters  of  that  length.  (2)  Use  substantial  hubs  and 
supporting  stakes,  and  properly  protect  all  hubs,  p.  57.  (3)  Use  a  50-ft. 
OT  a  100-ft.  tape:  it  may  be  weU  to  send  it  to  the  bridge  company  for 
comparison  with  their  standard.  (4)  Choose  the  end  of  the  base-Une 
where  all  piers  are  visible,  as  it  is  preferable  to  locate  all  piers  from  the 
same  point.  When,  however,  it  is  impracticable  to  do  this,  either  because 
of  obstacles  to  si^t  or  because  of  too  acute  intersections,  intermediate 
hubs  may  be  established  on  a  base-line  for  locating  different  piers.  (5)  If 
shore  conditions  are  unfavorable,  it  may  be  necessary  to  nm  a  broken 
haee  line,  or  a  shorter  base-line  may  have  to  be  expanded,  p.  193. 
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Meawring  angUa.  (6)  The  transit  chould  be  graduated  to  20"  or  in 
important  work  to  10".  (7)  The  angles  should  be  taken  in  sets  by  vsoxne 
such  method  as  that  explained  on  p.  196,  and  the  moat  probable  value 
and  probable  error  of  each  angle  determined,  p.  19.  ^8)  The  error  in  the 
sum  of  the  most  probable  values  of  the  three  angles  m  each  of  the  main 
triangles  should  not  exceed,  as  a  rule,  5  seconds,  and  may  be  reduced  to, 
say,  2  seconds  in  important  work.  An  error  of  one  second  in  an  an^e 
means  an  error  of  ^  inch  at  1000  ft.  (p.  198).  (9)  If  the  error  in  the  sum 
of  the  angles  is  too  large,  determine  irom  the  neld  notes  which  angle  was 
measured  under  the  most  imfavorable  weather  conditions,  and  remeasure 
that  angle  first:  it  may  save  measuring  the  other  angles. 

Laying  off  angles.  (10)  Lay  off  the  angle  for  locating  a  pier  and  set  a 
wooden  target,  usually  on  the  opposite  shore,  where  it  is  not  likely  to  be 
disturbed.  Turn  off  the  angle  ten  to  twenty  times  continuously  around 
the  limb,  marking  the  line  each  time  where  the  line  of  sight  strikes  the 
target.  This  will  result  in  a  series  of  lines,  the  average  of  which,  assumed 
to  be  correct,  is  marked  conspicuously  on  the  target.  Repeat  the  opera- 
tion for  each  intersecting  line  used  in  locating  each  pier.  Reference  each 
target.  (11)  When  piers  are  built  in  an  open  coffer-dam.  or  when  staging 
is  used,  points  on  lines  may  be  placed  on  tne  dam  or  the  starring  and  occa- 
sionally tested  to  see  that  they  have  not  been  disturbed.  When,  however, 
the  pier  ia  built  in  a  movable  caisson  the  latter  should  be  kept  in  place 
by  daily  tests:  no  angles  are  turned  off,  but  sights  are  taken  to  i^e  targets. 
(12)  For  round  piers  only  one  point  is  given  (the  center),  Vat  for  rectangu- 
lar piers  an  adoitional  point  near  the  periphery  must  In  c^iven  to  detect 
an^  rotation  of  the  pier  about  its  vertical  axis  during  xho  6inking  of  th» 
caisson. 


CHAPTER  XVni 

•      TRANSIT  SURVEYING— PROBLEMS 

Thkre  are  certain  geometncal  and  trigonometrical  problems  which 
occasionally  arise  in  transit  surveying,  but  which  are  of  too  infrequent 
occurrence  to  be  considered  a  part  of  the  routine  field  work.  These  prob- 
lems have  been  grouped  for  reference  in  this  chapter.  Many  of  them  are 
problems  in  simple  triangulation  to  which  the  methods  of  Chapter  XVI 
apply. 


276.  Problems  in  Triangulation.  On  pages  64  to  66  are 
given  the  so-called  obstacle  problems.  Most  of  these  problems 
are  solved  in  transit  surveying  by  triangulation.  While  it  is 
not  often  necessary  to  resort  to  the  precise  methods  described 
in  Chapter  XVI,  the  points  emphasized  in  that  chapter  should 
be  kept  in  mind,  namely,  that  the  accuracy  of  any  triangulation 
depends  to  a  large  extent  upon  the  proportions  of  the  triangles 
and  that  very  oblique  intersections  should  be  avoided.  Usually 
it  will  be  sufficiently  accurate  to  measure  each  angle  with  an 
ordinary  transit  reading  to  minutes,  doubling  each  angle  if 
desired,  but  more  accurate  methods  should  be  adopted  when 
th^  are  warranted  by  the  importance  of  the  work.  If  two 
b'nes  starting  from  the  same  point  make  an  angle  of  one  minute 
with  each  other,  they  will  be  approximately  0.03  ft.  apart  at 
100  ft.  from  their  intersections  and  0.3  ft.  apart  at  1000  ft., 
i.e.,  the  error  for  one  minute  of  arc  is  0.03  ft,  per  100  ft.  See  p. 
105.  These  quantities,  if  kept  in  mind,  will  often  suggest  the 
precision  with  which  angles  should  be  measured  in  order  to 
meet  given  requirements. 

277.  Obstacles  to  Transit  Surveying.  Obstacles  to  alignment 
and  obstacles  to  measurement  give  rise  to  a  special  set  of  prob- 
lems in  transit  surveying.  Many  of  the  methods  already  given 
for  obstacle  problems  in  chaining  (Chapter  VII)  can  be  used  in 
transit  surveying,  and  with  greater  precision.  The  problems 
treated  in  this  chapter  are  those  most  likely  to  arise  in  prac- 
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tice.  Two  or  three  constructions  are  explained  for  each  prob- 
lem— enough,  it  is  thought,  to  suggest  other  methods  not  only 
for  problems  given  here,  but  also  for  those  problems  which 
occur  so  seldom  in  practice  that  they  have  been  omitted.* 

Choosing  methods.  In  choosing  between  the  methods  given 
for  each  problem  two  things  are  to  be  considered:  accuracy 
and  time.  When  one  method  seems  as  accurate  as  another 
and  it  is  simply  a  question  of  which  is  the  quicker,  it  should  be 
noted  that  constructions  which  require  the  least « time  when 
worked  out  on  paper  sometimes  require  the  most  time  when 
worked  out  in  the  field.  Thus,  for  example,  the  intersection 
of  two  straight  lines  is  quickly  found  on  paper,  but  not  so 
quickly  in  the  field.  Perpendiculars  and  parallels  are  quickly 
drawn  on  paper,  but  corresponding  operations  in  the  field  may 
involve  considerable  work. 


Obstacles  to  Alignment 

(a)  To  prolong  a  straight  line  through  an  obstacle.    Three 
methods  are  shown  in  Fig.  277  (a).     In  all  three  methods  each 


FiQ.  277  (a). 

point  at  which  the  transit  was  set  up  is  indicated  by  a  small 
triangle,  and  the  angles  actually  laid  off  are  noted  on  the  figure. 
The  lines  to  be  prolonged  are  respectively  AjB,  GH,  and  LM, 

First  method.  Lay  out  a  rectangle  BCDE,  the  fourth  side  of 
which,  BE,  is  in  the  required  line. 

Second  method.  Lay  out  an  equilateral  triangle,  HIJ,  the 
third  side  of  which,  HJ,  is  in  the  required  line. 

Third  method.  Lay  out  a  square  MNPO,  the  diagonal  of 
which,  MP,  is  in  the  required  line. 

•  For  a  very  comolete  collection  of  such  problems  §ee  Gillespie's  Sur- 
veying, VoL  I,  pp.  245  to  257. 
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The  three  methods  compared.  The  rectangle  method  is  lees  accurate  than 
either  of  the  others  when  the  risht  angles  at  C,  D,  and  E  have  to  be  turned 
oX  from  short  backsights.  When,  however,  the  lines  A'F'  and  EF  are 
established  by  offsets  this  method  is  very  satisfactory,  especially  when 
long  sights  parallel  to  the  original  line  can  be  taken.  Thus  A'  and  C  hav- 
ing been  established  by  offsets,  the  transit  mav  be  set  at  either  point, 
preferably  A\  and  two  points  D  and  F'  established  in  the  line  A'C  proauced. 
E  and  F  may  then  be  foimd  by  measurement,  assuming  that  the  offsets  are 
short.  This  is  about  the  only  method  that  is  used  when  the  space  is  too 
narrow  to  permit  triangles  to  be  laid  out.  Another  method  of  avoiding 
short  backsights  in  the  rectangle  method  is  to  set  some  point  C  in  BC 
produced,  and  to  use  this  point  as  a  backsight  in  turning  ofif  90°  at  C  Simi- 
larly set  some  point  in  DE  produced,  as  far  away  as  convenient,  and  use 
this  point  as  a  backsight  in  turning  off  90°  at  E. 

The  equilateral-triangle  method  requires  fewer  set-uos  than  either  of 
the  others,  and  the  distance  HJ  is  known  without  calculation.  It  is  a 
good  method  to  use  especially  if  an  equilateral  triangle  can  be  nm  on  the 
«ther  side  of  the  object  as  a  check.  The  third  method  has  the  advantage 
that  no  linear  measurements  are  necessary,  the  work  being  done  wholly 
with  the  transit.  If,  however,  the  distance  from  3f  to  P  is  required,  either 
the  diagonal  NO  must  be  measured  or  else  MP  must  be  calculated  from 
ibe  sides  of  the  square. 

Practical  Hints.  (1)  Of  course  convenient  distances  arbitrarily  chosen 
may  be  used  for  the  sides  of  the  figures,  but  if  possible  they  should  be  at 
least  from  100  to  200  ft.  long  to  avoid  short  backsights.  For  the  same 
reason  120°  was  measured  at  H  and  J  and  135°  at  M ,  instead  of  60°  and  45° 
respectively,  it  being  presumed  that  the  longest  backsight  could  be  had 
in  the  direction  of  G  or  /  in  one  case  and  in  the  direction  of  L  in  the  other. 

(2)  There  are  other  methods  than  the  three  given  which  are  equally 
good.  Of  course  any  system  of  triangulation  may  be  used,  but  it  is  well 
to  avoid  the  calculation  involved  in  the  use  of  oblique  triangles. 

(&)  To  run  a  line  between  two  given  points,  when  an  obstacle 
intervenes. 

First  method,  C  is  any  convenient  point  which  is  visible 
from  the  two  given  points  A  and  B,     Make  CD  "AC  and  C.E  — 
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CB.  Measure  ACB  and  CDE.  Then  lay  off  the  angle  CAB=» 
CDE,  and  the  angle  CM  =  180°  -  (ACB  -f  CDE).  (Or  the  value 
of  CBA  can  be  found  by  measuring  CED.  This  affords  a  check.) 
Transit  points  and  angles  actually  measured  or  laid  off  are  indi- 
cated on  the  figure  by  arrows. 

Another  method.     Measure  AC  and  BC,  also  the  angle  ACB,  and  solve 
for  the  two  angles  CAB  and  CBA  by  trigonometry. 

Second  method.    Choose  H,  any  convenient  point  visible  from 
the  two  given  points  F  and  G.    Produce  FH  to  some  point  J 
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and  measure  GHJ.  Turn  of!  at  G  the  angle  HGI  "90"^  ^GHJ. 
This  makes  GIF  a  right  angle.  Hence  tan  HFG = GI-i-FI.  The 
angle  thus  calculated  is  laid  off  at  F,  and  its  complement  at 
G,  the  angle  at  G  being  laid  off  first  to  save  a  "set-up." 

Practical  hinta.  The  first  method  requires  four  set-ups,  the  second 
three,  but  trigonometrical  computation  is  involved  in  the  second.  The 
second  method  can  be  used  sometimes  where  there  is  not  room  on  the 
ground  to  lay  out  the  first. 


Obstacles  to  Measurement 

(c)  To  measure  between  two  points  when  one  is  inaccessible.    The 
methods  given  for  solving  this  problem  with  the  tape  (see  page 
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64)  can  be  used  also  with  the  transit.  There  are  several  other 
methods,  three  of  which  are  given  here. 

First  method.  Lay  off  a  base-line  AC  perpendicular  to  the 
required  line  AB,  and  of  any  convenient  length.  Then 
ACxt&nBCA  =  AB. 

Second  method.  Lay  off  DF  perpendicular  to  the  required 
distance  DE,  and  of  any  convenient  length.  Measure  DFE  and 
lay  off  DFG  =  DFE.     Then  DH  =  DE. 

Third  method.  When  both  ends  of  the  lines  are  accessible  a 
third  point  K  may  be  chosen.  In  the  triangle  DKE  measure 
enough  parts  to  obtain  DE,  as,  for  example,  two  sides  and 
included  angle,  or  one  side  and  two  adjacent  angles. 

Practical  hints.  The  second  method  appears  on  paper  to  be  the  easiest, 
as  no  calculation  is  involved.  Considerable  work  is  involved,  however, 
in  laying  off  accurately  the  angle  DFG  and  in  finding  the  precise  point  of 
intersection  at  /f,  i.e.,  the  intersection  of  FO  with  ED  produced.  More- 
over, many  times  there  is  not  room  to  lay  off  DH. 

To  check  either  the  first  or  the  second  method  repeat  the  process,  using  a 
perpendicular  or  base-line  of  different  length.  To  check  the  third  method, 
choose  a  new  point  in  place  of  /C,  and  repeat  the  process.  Sometimes  it 
is  better  to  check  one  method  by  using  an  entirely  qifferent  one. 
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(d)  Special  case.  To  measure  the  distance  between  two  given 
points  when  one  is  invisible  from  the  other  and  is  also  inaccessible. 

One  solution.  Choose  two  auxiliary  points  visible  from  both 
of  the  given  points  and  from  each  other.  The  inaccessible  point 
and  the  two  auxiliary  points  form  a  triangle,  and  by  measuring 
the  angle  at  each  of  the  auxiliary  points  and  using  the  distance 
between  them  as  a  base,  the  sides  of  the  triangle  can  be  calcu- 
lated. An  auxiliary  point,  the  given  point,  and  the  inaccessible 
point  form  a  triangle  one  side  of  which  has  just  been  found  by 
calculation,  another  side  (from  the  given  point  to  the  auxiliary 
point)  can  be  measured,  and  the  angle  between  these  two  sides 
can  also  be  measured.  The  third  side  (the  required  distance) 
can  then  be  found  from  these  two  sides  and  the  included  angle. 

Remark.  This  is  an  example  of  numerous  special  cases  which  now  and 
then  arise  in  practice,  the  solutions  of  which  depend  on  various  forms  of 
triansrulation.  The  student  should  draw  a  figure  illustrating  the  method 
here  given. 

(e)  To  measure  between  two  points  when  both  are  inaccessible. 
Let  AB,  Fig.  277  (e),  be  the  required  distance.  Lay  off  any 
convenient  base-line,  as  CD,  and  meas-  ^  B 

ure  its   length.    At   C   measure   the  °|^*  j^ 

angles  ACZ>  and  BCD.    At  D  measure  |    ^"^^x^'^A,=:=^ 

ADC  and  BDC,    In  eacl^of  the  tri-       ^^^^^^^^^ 
angles  ACD  and  BDC  one  side  and        •^^^/T^^^^^^vA 
two  adjacent  angles  are  now  known, 
and  hence  the  distances  AC,  AD,  BC,  Fio.  277  («). 

and  BD  can  be  calculated.     AB  can  then  be  found  from  either 
of  the  triangles  ACB  or  ADB,  one  computation  serving  as  a 
check  on  the  other.    (Two  sides  and  included  angle.    See  formulas 
in  the  back  of  the  book.) 
if)  To  tneasure  the  height  of  an  inaccessible  point. 
General  method.     In  Fig.  277  (/),  B  is  the  point  the  height  of 
which  is  requived.    The  transit  is  set  up  at 
any  convenient  point  A,  and  the  vertical 
y^  r-^-^      angle  BAC  is  measured,  AC  being  a  hori- 

k,^^        zontal  line. 

%      D    IZZ — I  Case  I.  When  AC  can  be  m>easured 

Pig   277  (/)  BC'=  AC Xt&n  BAC, 

Case  II.  When  C  is  inaccessible  find  AC  by 
one  of  the  methods  of  Art.  277  (c)  and  proceed  as  in  Case  I. 


A 
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Practical  hints.  Note  that  the  resulting  height  BC  is  the  height  of  B 
above  the  supporting  axis  of  the  telescope.  The  height  of  B  above  any 
point  on  the  ground  can  then  be  found  by  the  usual  methods  of  leveling 
or  by  the  vertical-angle  method  just  explained.  There  are  other  methods 
of  solving  the  problem,  one  of  which  is  to  establish  a  point  in  AC  as  D; 
from  the  triangle  ABD  find  AB  and  then  determine  BC.  This  method 
is  simple  in  theory  but  difficult  in  practice,  i.e.,  it  is  difficult  to  measure 
the  angle  BDC,     (Why?) 

278.  Perpendiculars  and  Parallels. 

(a)  To  establish  a  perpendicular  to  a  given  line  from  any  given 
point. 


Case  I.  When  the  given  line  AC  and  the  given  point  B  are  hath 
accessible.  At  any  j>oint  A  on  AC  measure  CAB,  and  at  B 
lay  off  AB5'  =  90°-CA5. 

Case  II.  When  the  given  line  EF  is  accessible  hut  the  given 
point  D  is  inaccessible.  At  any  two  points  E  and  F  measure 
DEF  and  EFD,  Then  EDF  =^\^Q''-{DEF+EFD)  and  EG^ 
[EFXBin  EFDX COB  DEF]^ 8m  EDF, 

Case  III.  When  the  given  point  J  is  accessible  but  the  given 
line  HI  is  inaccessible.  Choose  some  point  K,  and  with  KJ  as 
a  base-line  find  the  angle  JHI  by  the  method  of  Art.  277  (c), 
p.  223.    Turn  off  HJL  =  90°  ~  JHI, 

(6)  To  establish  a  line  through  a  given  point  parallel  to  a  given 
line. 


Fig.  278  (6). 


Case  I.  When  the  given  line  AB  and  the  given  point  C  are  both 
accessible.  At  any  point  B  measure  ABC,  and  at  C  lay  off 
5CD-=180°--ABC. 

Case  II.  When  the  given  line  EF  is  accessible  but  the  given 
point  O  is  inaccessible.     At  any  two  points  E  and  F  measure 
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GEF  and  EFG,  At  F  lay  off  EFH'^GEF,  and  at  E  lay  off 
FEH  =  EFG.  The  intersection  of  EH  and  F/T'  is  a  point  in  the 
required  line  through  G. 

Case  III.  When  the  given  point  K  is  accessible  but  the  given 
line  IJ  is  inaccessible.  Choose  some  point  L,  and  with  KL  as 
a  base-line  find  the  angle  UK  by  the  method  of  Art.  277  (e), 
p.  223.    L&yoSJKM=^IJK. 


CHAPTER  XIX 

USE  OF  THE  LEVEL  AND  THE  LEVELING-ROD 

Many  of  the  directions  for  setting  up  the  transit  and  for  usinj;  its  tele- 
scope (Chapter  IX)  apply  equally  well  to  the  use  of  the  level,  so  that  only 
a  few  additional  suggestions  are  necessary.  Before  undertaking  any  work 
in  leveling,  however,  the  student  should  practice  reading  the  leveling-rod 
following  the  directions  given  in  this  chapter.  Special  attention  is  called 
to  the  "danger-points"  or  places  on  the  rod  where  mistakes  in  reading  are 
most  likely  to  be  made. 


279.  Setting  up  the  Level.  In  setting  up  the  level  the  sole 
object  is  to  get  the  axis  of  the  telescope  level,  and  to  keep  it 
there,  so  that  the  line  of  sight  will  always  revolve  in  the  same 
horizontal  plane.  The  process  is  easier  than  that  of  setting  up 
a  transit,  since  it  is  not  necessary  to  center  the  instrument  over 
any  given  point.  Plant  the  tripod  legs  in  the  groimd  so  that 
the  head  of  the  instrument  is  approximately  level  as  judged 
by  the  eye.  Turn  the  telescope  until  it  is  above  two  diagonally 
opposite  thumb-screws,  and  bring  the  bubble  to  the  center  of 
the  tube  by  turning  the  screws  (see  p.  88).  Turn  the  telescope 
until  it  is  over  the  other  pair  of  screws  and  level  up  as  before. 
Turn  it  back  until  it  is  over  the  first  two  screws  and  repeat  the 
process,  first  over  one  pair  of  screws  and  then  over  the  other, 
until  the  bubble  stays  in  the  center  of  the  telescope  no.  matter 
in  what  direction  the  latter  may  be  pointed. 

Practical  hints.  (1)  The  bubble  will  move  in  the  direction  in  which  the 
left  thimib  is  turned. 

(2)  Observe  the  first  four  hints  for  manipulating  the  tripod  given  on 
p.  87,  Art  114,  and  the  hints  for  using  the  thumb-screws  given  on  p.  88, 
Art.  114. 

(3)  Observe  the  suggestions  as  to  where  to  set  up  given  in  Art.  322,  p. 
251,  and  note  the  errors  (Art.  349)  which  arise  from  setting  up  care- 
lessly.    It  is  especially  important  that  the  level  should  not  settle. 

(4)  If  the  level  is  out  of  adjustment,  it  may  be  impossible  to  set  it  up 
so  that  the  bubble  will  remain  in  the  center  for  all  positions  of  the  tele- 
scope, but  errors  from  this  source  may  be  eliminated  by  making  back- 
sight  and  foresight  equaL 
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280.  Use  of  the  Telescope.  Suggestions  for  focusing  and 
sighting  have  akeady  been  given  on  page  85.  Additional  pre- 
cautions are  necessary  in  leveling,  for  the  accuracy  of  the  work 
depends  to  a  large  extent  on  keeping  the  line  of  sight  truly  hori- 
zontal. Anything,  therefore,  which  tends  to  throw  the  telescope 
in  the  least  out  of  level  should  be  avoided. 

The  whole  instrument,  and  especially  the  telescope,  should 
be  handled  with  a  delicacy  of  touch  that  will  preclude  any 
serious  disturbance,  such,  for  example,  as  that  which  may  come 
from  the  downward  pressure  of  the  hand  upon  the  focusing- 
screw  while  sighting  through  the  telescope. 

(o)  An  experiment.  The  results  of  the  following  simple  experiment  will 
surprise  even  experienced  levelmen  who  have  never  tried  it,  and  will  im- 
press upon  the  beginner  the  great  sensitiveness  of  a  good  level.  Carefully 
8et  up  and  level  the  instrument.  ( 1 )  Rest  the  hands  rather  heavily  upon 
two  legs  of  the  tripod  and  watch  the  bubble  "move  out,"  returning  to  place 
▼hen  the  hands  are  removed.  (It  will  often  move  out  three  or  four  divi- 
sions, which  might  make  an  error  of  0.15  ft.  in  a  rod-reading  if  the  rod 
▼ere  held  300  ft.  from  the  instnmient.)  (2)  The  same  results  will  follow 
if  the  weight  of  the  hand  rests  on  the  focusing-screw  of  the  object-glass 
OP  the  eyepiece  at  the  rear  of  the  telescope.  Moral.  Keep  the  hands  off 
the  instrumem  after  it  is  focused  on  the  leveling-rod.  (3)  Place  several 
fingers  on  one  end  of  the  glass  bubble-tube  and  observe  how  the  warmth  of 
the  fingers  will  "draw"  the  bubble.  Moral.  Very  accurate  work  cannot 
be  done  when  the  sun  shines  on  one  end  of  the  tube  and  not  on  the  other. 

281.  Reading  the  Leveling-rod.  There  are  two  methods, 
viz.:  (1)  The  rodman  moves  the  target  up  or  down  until  a  sig- 
nal from  the  levelman  tells  him  that  the  center  of  the  target  is 
exactly  covered  by  the  horizontal  hair  in  the  level;  (2)  The 
levelman  observes  the  division  on  the  rod  exactly  covered  by 
the  horizontal  hair,  and  gets  the  reading  directly  through  the 
telescope  without  the  use  of  a  target. 

The  method  of  reading  the  target  depends  upon  whether  the 
target  is  provided  with  an  ordinary  scale  or  with  a  vernier. 
Both  cases  are  explained  in  the  succeeding  pages. 

Note.  In  explaining  how  to  read  the  leveling-rod  (Arts.  282-283)  it  is 
taken  for  granted  that  the  target  is  used.  Once  having  learned  to  take 
target  readings  correctly,  it  is  an  easy  matter  to  reaJ  the  rod  directly 
through  the  telescope. 
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2S2.  Targets  with  Ordinary  Scales.  The  figures  on  the  op- 
posite page  illustrate  two  forms  of  the  Philadelphia  rod.  The 
eeiiles  on  all  six  targets  are  exactly  alike,  i.e.,  each  is  a  tenth  of  a 
|M|t^  subdivided  into  hundredths  and  half-hundredths  (0.005 
flP»  In  the  three  upper  figures  the  smallest  division  on  the 
liSis  one  tenth  of  a  foot,  while  in  the  three  lower  figures  each 
tfi^  is  further  subdivided  into  ten  parts,  or  hundredths  of  a 
ilOi.  This  latter  subdivision  is  for  reading  without  a  target. 
In  target-readings  no  attention  is  paid  to  hundredths  of  a  foot  on 
the  rod.  In  the  three  lower  figures  readings  are  taken  to  the 
upper  edge  of  a  black  mark  instead  of  to  a  fine  line,  as  in  the 
upper  figures:  this  is  the  only  difference  between  the  two  forms 
of  rods  so  far  as  target-readings  are  concerned.  Note  that  the 
tiyrget-scales  are  not  verniers, 

(o)  To  read  the  rod.  (1)  Note  the  nearest  foot  below  the  zero 
or  target-center. 

(2)  Note  the  nearest  tenth  of  a  foot  below  the  target-center. 

(3)  Note  the  division  on  the  scale  opposite  the  tenth  of  a 
foot  observed  in  (2). 

(4)  If  no  division  on  the  scale  coincides  with  the  tenth  of  a 
foot-mark  on  the  rod,  note  the  nearest  division  on  the  scale 
above  the  mark  on  the  rod  and  estimate  the  thousandths  of  a 
foot  thus:  5.31  -f  0.003  (estimated)  =-  5.313.  The  method  of  get- 
ting the  correct  reading  for  each  rod  (printed  on  the  target)  is 
given  below. 

Feet + Tenths  +  Hundredths + Thousandths  —  Reading 


5   + 

2 

-f 

0 

+ 

5 

=  5.205 

5  -f 

2 

+ 

6 

+ 

0 

=  5.260 

5  + 

3 

4- 

1 

+ 

3 

=  5.313 

5   + 

9 

+ 

4 

+ 

0 

=   5.940 

6   + 

0 

+ 

0 

+ 

5 

=  6.005 

6  + 

0 

+ 

6 

+ 

5 

-  6.065 

^)  Common  mistakes,  (1)  To  omit  a  zero  from  a  reading; 
ttms,  5.25  instead  of  5.206,  or  6.05  instead  of  6.005,  or  6.65  in- 
stead of  6.065. 

(2)  To  omit  two  zeros  from  the  reading;  thus,  6.5  instead  of 
6.005. 

(3)  To  take  the  nearest  numbered  division  above  the  target- 
center  instead  of  beUnv  it;  thus,  6.94  instead  of  5.94,  or  6.105 
instead  of  6.005,  or  6J_65  instead  of  6.065.  "" 

Remark.  A  study  of  the  figures  on  the  opposite  page  will  show  that  the 
above  mistakes  are  natural  ones  for  the  beginner  to  make. 
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283.  Targets  with  Verniers.  Hundredths  are  read  on  the 
rod  itself  instead  of  on  the  target,  as  in  the  preceding  illustra- 
tion. Thousandths  are  read  from  the  vernier,  not  estimated. 
The  graduations  on  the  New  York  rod  (three  upper  figures,  op- 
posite page)  do  not  differ  from  those  on  the  second  form  of 
Philadelphia  rod,  except  that  hundredths  of  a  foot  are  marked 
with  fine  lines.  On  the  targfet,  however,  ten  divisions  correspond 
to  nine  on  the  rod  (see  middle  figure),  or  each  division  is  y^^  ft. 
shorter  than  a  division  on  the  rod. 

To  read  the  rod.     (1)   Read  feet,  tenths,  and  hundredths  by 
oln^^ng  the  position  of  the  vernier  zero.     (2)   Read  thou- 
by  obsersang  what  mark  on  the  vernier  coincides  with 
ark  on  the  rod. 

+ Tenths  +  Hundredths  +  Vernier  =  Reading  Mistaken  readings 
4-     0     +         0         +      8     =  5.008        5.08    or 5.8 
+     0     +         1         +      0     =  5.010        5.10 
4+     9     +         8         +6     =4.986        5.986or5.16 

284.  Extended  Rods.  "VMien  a  reading  is  over  7  ft.  the 
front  half  of  the  rod  is  extended  up,  and  the  reading  is  taken 
from  the  back  of  the  lower  half.  Each  of  the  first  three  lower 
figures  on  the  opposite  page  represents  the  back  of  a  PhUadel- 
pkia  rod,  while  the  fourth  figure  represents  a  New  York  or  ver~ 
nier  rod.  The  graduations  on  the  back  of  the  rod  are  numbered 
from  the  top  dovmwards,  or  in  just  the  reverse  direction  from 
the  nunibering  on  the  front  of  the  rod.  Consequently,  in  read- 
ing the  back  of  the  rod,  observe  the  nearest  foot  and  tenth 
above  the  zero  of  the  scale  instead  of  below  it,  i.e.,  read  down- 
ward instead  of  upward;  this  is  the  only  difference  between 
reading  the  back  and  the  front  of  a  leveling-rod. 

(o)  To  rise  a  high  rod.  The  first  step  is  to  set  the  center  of 
the  target  exactly  opposite  the  7-ft.  mark  on  the  front  of  the 
rod.  Before  extending  the  rod  the  reading  on  the  back  should 
be  exactly  7  ft.  (see  first  figure),  and  the  target  should  be  exactly 
7.0  ft.  from  the  base  of  the  rod.  (See  Art.  286  for  precaution.) 
K  the  front  half  of  the  rod  with  the  target  fixed  at  7  ft.  is 
then  raised,  say,  0.06  ft.,  the  reading  on  the  back  should 
be  0.0^  (see  second  figure).  The  reading  for  the  third  rod  is 
8.205.  (Mistaken  readings  8.25,  7.25.)  For  the  vernier  rod 
the  correct  reading  is  9.097.  (Mistaken  readings  9.97,  9.107, 
&107.) 
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(5)  Remark.  The  chief  source  of  error  in  reading  a  **hish  rod"  is  to 
read  the  back  of  the  rod  upward  instead  of  downward.  The  BoBton,  rod 
(a  form  not  shown  here)  must  be  inverted  end  for  end  when  used  as  a 
high  rod.  On  many  rods  the  last  graduation  on  the  front  and  the  first  on 
the  back  is  6.5  ft.  instead  of  7  ft. 

(c)  Note.  The  upper  half  of  leveling-rods  should  be  graduated  so  tliat, 
if  desired,  the  extended  rod  can  be  read  directly  through  the  telescope. 
Some  rods  are  jointed  near  the  bottom  so  that  practically  the  whole  front 
half  of  the  rod  is  extended  for  a  high  rod.  In  this  case  the  surveyor  can 
graduate  the  Ixick  of  the  upper  half  for  himself  if  the  maker  has  failed  to 
do  so. 

285.  The  Difference   between  Methods  of   Reading:  the 

ordinary  rod  and  a  vernier  rod  may  be  summed  up  as  follows: 


Target  with  a  scale 

(1 )  It  is  not  necessary  to  ob- 
serve the  hundredth  oi  a  foot  on 
the  rod;  take  the  nearest  tenth 
below  the  zero  of  the  scale  (or 
above  it  for  extended  rod). 

(2)  Thousandths  are  esti- 
mated. 


Target  with  a  vernier 

(1)  The  hundredth  of  a  foot. 
mark  on  the  rod  just  heloto  the 
zero  of  the  vernier  (or  above  it 
for  extended  rod)  must  be  ob- 
served. 

(2)  Thousandths  are  read 
from  the  vernier. 


286.  To  Test  a  High  Rod-reading.  When  using  any  rod 
for  the  first  time  the  following  test  should  be  made:  Clamp  the 
target  at  the  highest  mark  on  the  front  of  the  rod^  set  the  zero 
at  the  corresponding  mark  on  the  back  of  the  rod,  measure  from 
the  base  of  the  rod  to  the  target-center  with  a  steel  tape  or 
another  leveling-rod,  and  see  if  this  measurement  agrees  with 
the  reading  (6.5  ft.  or  7.0  ft.).  If  it  does  not  agree,  make  a  fine 
scratch  on  the  face  of  the  rod  to  indicate  where  the  target 
should  be  set.  Set  the  target  at  this  scratch,  extend  the  rod 
to  any  reading,  clamp,  measure  to  the  target-center,  and  com- 
pare readings  as  before.  Repeat  this  last  step  two  or  three 
times;  it  not  only  shows  exactly  where  to  set  the  target,  but 
it  settles  all  doubt  as  to  how  the  rod  is  read  when  extended. 
If  an  error  is  found,  attach  a  marked  tag  to  the  rod  or  mark 
the  rod  in  some  other  way  as  follows:  "The  target  on  this  rod 
should  be  set  at  6.995  instead  of  7.0  ft.  for  all  high  rod-readings." 

Remark,  The  error  described  above  is  very  often  found  in  leveling-rods* 
especially  if  they  have  been  used  for  some  time.  It  is  often  caused  hy 
letting  a  high  rod  down  "on  the  run,"  thus  jamming  the  small  piece  at 
the  upper  end  of  the  rod,  and  gradually  knocking  it  upward.  Out  of  a 
large  number  of  school  rods  examined  by  the  author  over  76%  contained 
this  error. 

A  second  test.  Ascertain,  by  measuring  with  a  tape,  the  read- 
ing at  which  the  scale  or  vernier  on  the  hack  of  the  rod  should 
be  set  in  order  that  readings  taken  on  the  front  of  the  rod  above 
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the  joint  shall  be  correct.  It  is  not  safe  to  assume  that  when 
the  joint  is  closed  in  perfect  contact  the  readings  above  it  will 
be  correct.  (Why  is  it  better  to  have  this  joint  near  the  top  of 
the  rod  than  near  the  bottom?) 

287.  Use  of  the  Hand-level.  Hold  the  level  to  the  eye  and 
raifle  or  lower  the  end  until  the  reflection  of  the  bubble  is  exactly 
bisected  by  the  cross-hair.  The  horizontal  hne  of  sight  thus 
established  is  at  the  elevation  of  the  eye.  There  are  two  ways 
of  leveling  with  a  hand-level. 

(IJ  To  stand  erect.  In  this  case  the  "height  of  instrument" 
is  found  by  adding  to  the  elevation  of  the  ground  upon  which 
ih&  observer  is  standing  the  height  of  the  eye  above  the  ground. 
Any  other  point  which  the  line  of  sight  strikes  is  of  the  same 
elevation  ae  the  eye.  Selecting  such  a  point  and  moving  for- 
ward to  it,  the  observer  stands  with  his  feet  on  a  level  with  it, 
and  establishes  a  new  "height  of  instrument"  as  before. 

Note.  The  above  method  is  used  when  leveling  up  lull.  In  leveling  down 
hiU  the  process  is  reversed.  The  leveler  moves  down  each  time  to  a  point 
vfaere  he  can  stand  and  have  the  horizontal  Une  of  sight  strike  the  point 
vlaeh  he  just  left.  He  can  then  find  the  elevation  of  the  ground  where  he 
is  standing  by  subtracting  the  height  that  his  eye  is  above  the  ground  from 
the  elevation  of  the  point  sighted  at. 

(2)  To  rest  the  level  on  a  rod  of  known  height,  say  five  feet. 
This  is  more  accurate  than  the  preceding  method,  as  the  height 
of  instrument  is  always  exactly  five  feet  above  the  ground  upon 
idiich  the  rod  rests. 

The  hand-level  is  intended  to  give  only  approximate  results, 
and  is  used  mostly  for  locating  contours.  In  this  work  it  is 
usually  necessary  to  start  with  the  hand-level  at  the  elevation 
of  one  of  the  required  contours.  This  is  done  by  backsighting 
on  a  bench-mark  or  point  of  known  elevation,  as  explained  in 
the  following  illustration. 

lUugtration.  It  is  required  to  locate  contours  at  five-foot  intervals. 
(See  Chapter  XXVII.)  The  elevation  of  the  bench-mark  nearest  to  the 
starting-point  is  93.684  ft.  The  hand-level,  held  on  a  five-foot  rod,  is  moved 
v>  ordown  hill  untU  the  line  of  sight  strikes  1.3  ft.  (or  95-93.7)  from  the 
Wfle  of  a  rod  held  on  the  bench-mark.  Then  the  height  of  the  line  of 
ai^  must  be  95  ft.,  and  the  elevation  of  the  ground  at  the  base  of  the 
rod  supporting  the  hand-level  is  95 — 5  =  90  ft. 


CHAPTER  XX 

LEVELING— THEORY 

In  this  chapter  the  theory  of  leveling  is  explained  without  entering  upon 
the  practical  details  of  the  field  work.  Leveling  terms  are  defined  and 
forms  given  for  level  notes.  Practical  directions  and  suggestions  Tor  field 
work  will  be  found  in  the  next  chapter. 


288.  Leveling.  A  branch  of  surveying  the  object  of  which 
is: 

(a)  To  ascertain  the  difference  of  elevation  between  two  or 
more  points. 

For  example,  to  find  how  much  a  given  point  on  the  earth's 
surface  is  higher  or  lower  than  another  given  point. 

(6)  To  establish  one  or  more  points  at  the  same  or  at  differ- 
ent elevations  with  respect  to  a  fixed  point. 

For  example,  to  establish  points  all  on  a  level  or  on  a  slope 
for  grading,  or  to  fix  the  heights  for  different  parts  of  a  struc- 
ture. 

289.  Datum.  In  any  given  survey  all  elevations  are  referred 
to  some  common  datum.  This  datum  is  usually  an  imaginary 
levd  surface,  all  points  of  which  are  assimied  to  have  an  eleva- 
tion of  zero.  The  elevation  of  any  other  point  is  its  distance 
above  or  below  this  surface  or  datum. 

290.  Datum  Line  and  Datum  Plane  are  two  terms  whose 
meanings,  though  obvious,  are  less  general  and  comprehensive 
than  the  simple  term  datum.  In  fact,  as  pointed  out  on  page  1 , 
a  level  surface  is  not  a  plane  surface  but  a  curved  surface 
hence  a  level  line  is  not  a  straight  line  but  a  curved  line.  This 
distinction  is  not  often  made,  however,  in  plane  surveying,  since 
curvature  of  the  earth's  surface  is  ignored. 

The  mean  sea-level  affords  a  convenient  datum  the  world 
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over,  and  elevations  are  commonly  given  as  so  much  above  oi 
below  sea-level.  It  is  often  more  convenient,  however,  to 
assume  some  other  datum,  especially  if  only  the  relative  eleva- 
tions of  points  are  required. 

291.  Bench  or  Bench-mark.  A  fixed  point  of  reference 
whose  elevation  with  respect  to  some  assumed  datum  is  known  j 
it  is  used  either  as  a  starting-p>oint  for  leveling,  or  as  a  point 
upon  which  to  close  as  a  check.  In  a  survey  of  any  extent 
there  are  usually  a  number  of  such  bench-marks,  established 
with  respect  to  the  same  datum  and  at  points  where  they  are 
most  needed. 

lUusinUion.  A  city  establishes  an  elaborate  ssrstem  of  bench-marks  so 
that  by  starting  at  any  one  of  them  a  surveyor  can  determine  elevations 
with  respect  to  the  same  datum  that  the  city  uses  in  its  engineering  work, 
and  if  it  is  more  convenient  to  end  at  a  different  bench  from  that  at  which 
he  started,  he  will  still  have  a  check  upon  his  work. 

Remark.  The  elevation  of  the  firat  bench-mark  is  sometimes  arbitrarily 
assumed,  as,  for  example^  an  even  hundred  feet,  but  this  is  equivalent  to 
aasuming  arbitrarily  a  datum  one  hundred  feet  below  that  particular 
bench-mark  instead  of  assimiing  the  sea-level  as  the  datum.  This  would 
be  done  ondy  when  the  relative  elevations  are  required  regardless  of  the 
elevations  above  sea-leveL 

292.  Stations.  Points  whose  elevations  are  to  be  ascer- 
tained or  points  that  are  to  be  established  at  a  given  elevation. 
Notice  that  a  station  is  where  the  levehng-rod  is  held  and  not 
where  the  level  is  set  up. 

Remark,  In  transit  surveying  the  transit  is  usually  set  up  directly  over 
a  station.  In  leveling,  on  the  contrary,  the  level  is  practically  never  set 
up  over  a  station,  but  is  placed  at  any  convenient  point  from  which  the 
stations  can  be  seen. 

293.  Plane  of  Sight.  If  a  level  is  in  adjustment  and  prop- 
erly set  up,  the  line  of  sight  will  revolve  in  a  horizontal  plane, 
i.e.,  it  will  always  lie  in  a  horizontal  plane  of  sight  no  matter  in 
what  direction  the  telescope  is  pointed.     (See  Fig.  294  (a).) 

Remark.  Since  this  plane  is  i>erpendicular  to  a  plmnb-line,  it  is  tan- 
gent to  a  level  surface  at  the  jjoint  where  the  instrument  stands,  but,  as 
already  pointed  out,  the  distinction  between  a  level  surface  and  a  horizon- 
tal plane  is  not  an  important  one  in  plane  surveying. 

294.  The  Two  Essential  Steps  in  Leveling.  After  setting 
up  a  level  the  first  step  is  to  ascertain  the  elevation  of  its  plane 
of  sight  by  measuring  up  to  this  plane  from  some  point  whose 
devotion  with  respect  to  the  assumed  datum  is  known;  then  the 
elevation  of  any  other  point  may  be  found  by  measuring  dovm 
from  the  plane  of  sight.  These  two  steps,  (1)  measuring  up  to 
and  (2)  dawn  from  the  horizontal  plane  of  sight,  should  be  the 
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first  conception  of  spirit-leveling,  for  it  is  one  most  helpful  in 
practice,  and  comprises  practically  the  whole  theory. 


Fig.  294  (a). 

(a)  lUuatration,  Let  the  elevation  of  the  bench-mark  in  Fig.  294  (a)  be 
100  ft.  above  some  assumed  datum.  It  is  required  to  ascertain  the  eleva- 
tions of  the  groimd  at  A,  B,  and  C  with  resp>ect  to  the  same  datum. 

The  first  step  after  setting  uo  the  level  is  to  ascertain  the  elevation  of 
its  horizontal  plane  of  sight.  The  line  of  sight  strikes  a  leveling-rod  held 
on  the  bench  6  ft.  up  from  the  base  of  the  rod.  The  elevation  of  the  plane 
of  sight  is  therefore  100  +  6=  106  ft. 

If  the  telescope  is  then  directed  to  A  and  it  is  4  ft.  down  from  where  the 
line  of  si^t  strikes  the  rod  to  the  base  of  the  rod,  then  the  ground  at  A 
must  be  4  ft.  below  the  plane  of  sight,  or  the  elevation  at  A  is  106  — 4  =  102 
ft.  Likewise  if  the  ground  at  B  is  8  ft.  below  the  plane  of  sight,  its  eleva- 
tion at  B  is  106-8  =  98  ft.;  if  at  C,  the  ground  is  2  ft.  below  the  plane  of 
sight,  its  elevation  at  C  is  106  — 2  =-104  ft.  Thus  the  elevations  of  any 
number  of  points  may  be  obtained. 

Remark.  The  leveling-rod  is  graduated  in  only  one  direction,  from  the 
bottom  up,  and  so  there  is  really  no  diflFerence  between  measuring  up  and 
measuring  doum,  but  it  is  well  to  think  of  measuring  up  to  ascertain  the 
elevation  of  the  plane  of  sight,  and  measuring  doivn  to  ascertain  the  eleva- 
tion of  points  on  the  ground. 

295.  Height  of  Instrument.  The  elevation  of  the  plane  of 
sight  with  respect  to  the  assmned  datimi.  Thus,  for  example, 
106  ft.  is  the  height  of  instrument  in  Fig.  294  (a). 

Remark.  Notice  that  height  of  instrument  does  not  mean  the  height  of 
the  telescope  above  the  ground  where  the  level  stands,  nor  does  it  mean 
its  height  above  the  last  station  backsighted  upon  imlees,  as  is  rarely  the 
case,  the  elevation  of  this  last  station  is  the  same  as  the  assumed  datimi. 

296.  Backsight.  A  sight  taken  on  a  rod  held  at  a  point  of 
known  elevation  to  ascertain  how  far  the  plane  of  sight  is  above 
that  point,  thus  establishing  the  height  of  instrument  with  re- 
spect to  the  assumed  datiun.  For  example,  the  sight  on  the 
bench,  Fig.  294  (a),  is  a  backsight. 

Remark.  Backsighting  is  equivalent  to  measuring  up  from  the  point  of 
known  elevation  to  the  plane  of  sight. 

297.  Foresight.  A  sight  taken  on  the  rod  held  at  a  point  of 
unknown  elevation  to  ascertain  how  far  that  point  is  below  the 
plane  of  sight,  thus  determining  the  elevation  of  that  point 
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with  respect  to  the  assumed  datum.    Thus,  for  example,  in 
fig.  294  (a)  sights  on  A,  B,  and  C  are  foresights. 

Bemark,  Foresi^tins  is  equivalent  to  measuring  down  from  the  plane 
of  nght  to  the  point  whose  elevation  is  reauired. 

Confusion  of  terms.  The  terms  backsight  and  foresight  are  unfortunate 
temis  because  they  imply  direction.  They  have  nothuig  whatever  to  do 
with  direction.  A  backsight  is  not  neoessaiily  on  a  point  behind  the 
level,  and  a  foresight  may  be  anywhere  in  front*  to  one  side,  or  behind, 
as  shown  in  Fig.  294  (a),  where  all  the  sights  except  that  on  the  bench 
are  foresights. 

An  effort  has  been  made  to  avoid  this  confusion  of  terms  by  adopting 
the  term  pliu  sight  in  place  of  backsight,  since  the  backsight  reading  is 
always  added  to  a  known  elevation,  and  minus  sight  in  place  of  foresight, 
because  the  foresight  reading  is  always  subtracted  m>m  the  height  of  instru- 
ment. The  chief  objection  to  this  change  is  that  a  minus  foresight  already 
has  (me  meaning,  i.e.,  a  foresight  taken  to  some  point  above  the  plane,  of 
ai^t,  as  occasionally  happens,  for  example,  in  timnel  work  or  in  leveling 
for  a  line  of  overhead  shafting. 

It  will  not  be  necessary  for  the  beginner  to  ask  the  usual  question: 
•'How  can  you  tell  which  is  a  hacksight  and  which  is  a  foresigfUr"  if  he 
will  keep  in  mind  that  the  object  of  backsighting  is  to  establish  the  height 
of  instrument  ([plane  of  sight),  while  in  foresighting  the  object  is  to  ascer- 
tain the  elevation  of  some  point. 

298.  Abbreviations.  B.S.  for  hacksigM,  F.S.  for  foresight, 
H.I.  for  height  of  instrument,  El.  for  elevation  of  a  station,  T.P. 
for  turning-point  (see  Art.  301),  B.M.  for  bench-mark,  and  Int. 
for  intermediate  stations  (Art.  300). 

299.  Theory  of  Levefins:.  (a)  From  what  has  preceded  it 
is  seen  that  the  two  steps  in  leveling  for  any  one  set-up  are: 
(1)  To  find  how  far  the  plane  of  sight  is  above  a  point  of  known 
elevation  by  adding  to  that  elevation  the  backsight  rod-read- 
ing, or 

(1)  E1.+B.S.-H.I. 

(2)  To  find  how  far  below  this  plane  of  sight  points  are  whose 
elevations  are  required,  by  subtracting  foresights  from  the  ele- 
vation of  the  plane  of  sight  (i.e.,  height  of  instrument),  or 

(2)  H.I.-F.S.-E1. 

(&)  Nate.  When  the  i^ints  are  above  the  plane  of  sight  the  above 
niliBS  stiU  hold  good  provided  minus  signs  are  given  to  the  sights.     Thus, 


for  example,  a  point  on  the  ceiling  oTa  room  is  used  as  a  oench-mark, 
and  its  ofevatioo  above  some  assumed  datum  is  known  to  be,  sav,  112  ft. 
llie  Ibveling-rod,  held  bottom  end  up  for  convenience,  gives  a  backsight 


reading  of  6  ft.,  or  the  plane  of  sight  is  six  feet  below  the  ceUing,  or  its 
elevation  is  obviously  106  ft.,  i.e.,   112+(-6)-106.     Suppose  that  the 
foresight  reading  to  some  point  just  below  the  ceiling  is  5  ft.  (rod  bottom 
end  up),  then  the  elevation  of  this  point  is  106  — (  —  5) —  111  ft. 
Bfinus  sights  seldom  occur  in  leveling  except  in  special  kinds  of  work. 

(c)  If  all  the  elevations  required  could  be  found  from  one  set- 
up of  the  level,  no  further  explanation  of  fundamental  princi- 
ples would  be  required,  but  even  when  the  level  is  frequently 
moved  the  work  consists  simply  in  repeated  appUcations 
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two  steps  in  a  sort  of  endless  chain.  When  it  becomes  neces- 
sary to  move  the  level  it  may  be  set  up  in  a  new  place,  tRe  new 
height  of  instrument  ascertained  by  backsighting  on  a  point 
whose  elevation  was  foimd  from  the  preceding  set-up,  and  from 
this  new  height  of  instrument  the  elevation  of  new  points  may 
be  found.  Thus  the  process  may  be  continued  indefinitely. 
The  point  to  be  emphasized  is  that  for  ea>ch  new  set-up  a  new 
height  of  instrument  must  he  ascertained. 


F'99 

Fig.  2W(rf). 

(<f)  Illustration.  In  Fig.  299  (d)  it  is  not  intended  to  represent  stations 
in  a  straight  line, — they  may  be  anywhere  to  one  side  or  the  other  of  the 
level  as  in  the  preceding  figure,  p.  236.  Let  the  horizontal  broken  lines 
represent  planes  of  sight.  Let  the  target-reading  at  each  station  be  indi- 
cated by  the  number  at  the  point  where  the  hne  of  sight  (dotted  line) 
strikes  the  rod.  Either  the  elevation  of  the  first  station  must  have  been 
previously  determined,  or,  if  simply  relative  elevations  are  required  aa  is 
often  the  case,  it  may  be  assumed  as  any  convenient  number,  say  100. 
Then  100  +  3  - 103  =  H.I.  when  level  is  at  Li  103  -  2  =  101  -  EL  of  B. 
101 +  5  =  106  =  H.I.     **        Li  106~2  =  104  =  E1.  "  C- 

106  =  H.I.     V        * 1/2  106-3  =  103-EL  **  D. 

106=H.L     I,2l06-1  =  105  =  EL  ••  J&. 

106  =  HJ.     •*        • Ls  106-7=  99  =  EL  **  F, 

*99  +  5  =  104  =  H.L     * 1/3  104-2=102-E1.  *'  O. 

(c)  Remark.  The  two  steps  in  leveling  are  not  likely  to  be  forgotten  if 
the  student  will  form  a  mental  picture  similar  to  Fig.  294  (a)  or  Fig.  299  (d). 
This  is  much  better  than  depending  upon  the  memory  to  retain  the  formu- 
las given  at  the  beginning  of  this  article.  Always  fdll  back  on  the  origi- 
nal conception  of  leveling,  p.  235:  (1)  getting  the  distance  of  a  plane  of 
sight  above  some  point  of  known  elevation,  and  (2)  getting  the  distances 
of  points  of  unknown  elevation  below  that  plane. 

300.  Intermediate  Stations.    A  point  taken  for  the  sole 

purpose  of  ascertaining  its  elevation,  or  for  the  purpose  of 

establishing  it  at  a  given  elevation.     Thus,  in  Fig.  299  (d),  C, 

D,  and  E  are  intermediate  stations. 

Remark. — The  distinguishing  characteristic  of  an  intermediate  station  is 
that  only  one  sight  is  taken  on  it, — a  foresight, 

301.  Turning-point.     A  point  upon  which  a  backsight  is 

taken  in  order  to  establish  the  height  of  instrument.    Thus,  in 

Fig.  299  (d),  A,  B,  and  F  are  turning-points. 

(a)  Remark,  A  turning-point  is  the  only  point  upon  which  a  backsight 
is  taken,  and  this  is  its  distinguishing  characteristic.  It  probably  got  its 
name,  however,  from  the  fact  that  tv?o  sights  are  taken  on  it,  a  foresii^t 
from  one  set-up  and  a  backsight  from  the  next  set-up-:  it  thus  acts  as  a 
turning-point  without  which  no  relation  could  be  established  between  th« 
two  planes  of  sight  corresponding  to  the  two  set-ups. 
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Either  a  regular  station  or  a  bench-mark  may  be  used  as  a  tuming-pcnnt, 
or,  some  temporary  point  which  is  neither  a  regular  station  nor  a  bench- 
mark may  be  used. 

(&)  The  first  and  last  points  sighted  at  are  usually  considered  turning- 
points.  Thus  <?  is  a  turning-point  on  the  assumption  that  if  the  work 
were  continued  a  backsight  would  be  taken  on  it.  A  is  a  turning-point 
because  a  backsight  was  taken  on  it ;  moreover,  a  foresight  must  have  been 
taken  at  some  previous  time  in  order  to  ascertain  its  devation.  (Assum- 
ing its  elevation  would  be  equivalent  to  foresighting.) 

302.  Importance  of  Turning-points — Compared  with 
Intermediate  Stations.  An  error  made  at  a  turning-point 
affects  every  succeeding  elevation,  but  an  error  at  an  interme- 
diate station  affects  the  elevation  of  only  that  station. 

Illustration.  Suppose  that  in  Art.  299  (c),  Fig.  299  (d),  the  backsight  at  B 
is  read  by  mistake  6  instead  of  5.  The  new  height  of  instrument  would 
become  101  +  6  =>  107,  and  the  elevations  of  all  the  remaining  points  would 
be  one  foot  too  high.  On  the  other  hand,  should  a  mistake  be  made  at  C, 
reading  3  instead  of  2,  the  elevation  of  C  would  become  106  —  3  =  103,  or 
a  foot  too  low,  but  since  there  is  no  backsight  at  C  (i.e.,  no  height  of  instru- 
ment is  ascertained  from  C)  none  of  the  other  elevations  woula  be  affected. 

303.  Forms  of  Notes.  The  forms  for  level  notes  differ  some- 
what for  different  kinds  of  work.  Standard  forms  are  given  in 
.this  article.  Study  these  forms  in  connection  with  Fig.  299  (d). 
The  six  colunms  correspond  to  the  six  columns  on  the  left-hand 
page  of  the  field-book,  the  right-hand  page  being  used  for  de- 
scriptions of  stations  and  for  other  notes. 

Form  A  for  Lbvel  Notes. 
(Left-hand  page.)  (Right-hand  page.) 


B.S. 

H.I. 

Foresight. 

El. 

Sta. 

T.P. 

Int. 

A 

3.0 

103.0 

100. 

Descriptions  of  stations  go  on  this 

B 

5.0 

106.0 

2.0 

101.0 

portant   stations   should    be   so 

C 

2.0 

104.0 

carefully  described  that  they  can 

D 

3.0 

103.0 

be  found  at  any  time  without 

E 

1.0 

105.0 

difficulty. 

F 

5.0 

104 

7.0 

99.0 

G 

2.0 

102.0 

13.0 

11.0 

11.0 

Check 

2.0 

(a)  Comments  on  Form  A.  In  this  form  of  notes,  and  in  all 
other  forms  as  well,  it  is  necessary  to  enter  the  foresights  and 
backsights  during  the  work  in  the  field.  The  heights  of  instru- 
ment and  the  elevations  of  different  stations  may  be  left  to  be 
WQiked  out  in  tb^  o^ce  uxiless  elevations  are  needed  in  th^ 
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field  for  checking  the  work  or  for  other  purposes.  Even  then 
it  is  necessary  many  times  to  work  up  only  the  notes  for  turn- 
ing-points. 

In  this  form  each  H.I.  occupies  a  Une  by  itself.  There  is  no 
great  advantage  in  this  except  that  in  looking  over-  the  notes  it 
is  more  evident,  to  the  beginner  at  least,  which  H.I.  was  used 
in  calculating  any  given  elevation.  Thus  all  elevations  re- 
corded between  any  two  successive  values  of  H.I.  were  found 
from  the  upper  H.I.  if  the  notes  read  down  the  page;  from 
the  lower  H.I.  if  the  notes  read  up  the  page. 

Notice  also  that  the  foresights  on  turning-points  and  the 
foresights  on  intermediate  stations  are  kept  in  separate  col- 
umns. This  is  so  that  the  foresights  on  turning-points  may  be 
added  together  by  themselves  in  checking  the  notes  by  the 
method  of  Art.  304.  The  advantage  thus  gained  is  to  a  gr^at 
extent  offset  by  the  additional  precautions  necessary  to  avoid 
entering  the  foresights  in  the  wrong  column. 


(Left-hand 

Form  B  for  Level  Notes. 

page.)                                  (Right-hand  page.) 

Sta. 

B.S. 

H.I. 

F.S. 

EI. 

A 
B 
C 
D 
E 
F 
G 

3.0 
5.0 

6.0 

103.0 
106.0 

104.0 

2.0 
2.0 
3.0 
1.0 
7.0 
2.0 

100.0 
101.0 
104.0 
103.0 
105.0 
90.0 
102.0 

Descriptions  of  stations  go  on  this 
page.     All  bench-marks  and  im- 
portant  stations   should    be    so 
carefully  described  that  they  can 
be  found  at  any  time  without 
difficulty. 

(&)  Comments  on  Form  B,  This  form  differs  from  form  A 
in  two  respects.  (1)  Each  H.I.  does  not  occupy  a  line  by  itself, 
but  is  put  on  the  line  with  the  B.S.  and  El.  from  which  it  was 
figured.  (2)  Foresights  are  all  in  one  column.  Turning-points 
may  be  easily  distinguished  in  the  notes,  as  they  have  num- 
bers in  the  backsight  column  while  intermediate  stations  do 
not.  (Art.  301  (a).)  Many  surveyors  prefer  to  skip  every  other 
line  in  entering  notes,  thus  affording  more  room  for  corrections 
and  for  the  descriptions  of  stations  on  the  right-hand  page. 

By  comparing  these  notes  with  the  arithmetical  work  on 
page  238,  Art.  299  (d),  the  method  of  working  out  the  different 
H.I. 8  in  the  third  column  and  the  elevations  in  the  last  column 
will  become  clear.  Thus  each  B.S.  is  added  to  the  elevation 
recorded  on  the  same  horizontal  line  to  get  the  H.I.  from  which 
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the  elevations  are  figured  for  all  succeeding  stations  up  to  and 
including  the  next  turning-point. 

This  form  is  more  compact  than  the  preceding  form  and  is, 
perhaps,  the  one  most  often  used.  For  profile  levehng  Form 
C  given  below  is  in  many  respects  a  better  form. 

Form  C  for  Level  Notes.  Form  D  for  Level  Notes. 


B.8. 

T.P. 

H.I. 

F.S. 

El. 

Sta. 

3.0 

100.0 

103.0 

A 

5.0 

101.0 

106.0 

2.0 

B 

2.0 

104.0 

C 

3.0 

103.0 

D 

1.0 

106.0 

E 

5.0 

99.0 

104.0 

7.0 

F 

2.0 

102.0 

G 

Sta. 

B.S. 

F.S. 

Dif. 

EL 

CJheck. 

A 
B 

C 
D 

E 
F 
G 

3.0 
6.0 

5.0 

2.0 

2.0 
3.0 

1.0 
7.0 
2.0 

+  1.0 

+  3.0 
-1.0 

+  2.0 
-6.0 
+  3.0 

100.0 
101.0 

104.0 
103.0 

105.0 

99.0 

102.0 

3.0 
2.0 

+  1.0 
100.0 

101.0 

5.0 
7.0 

-2.0 

101.0 

99.0 

(d)  Comments  on  Form  C.  This  form  differs  from  the  preced- 
ing form  in  the  order  of  arrangement  of  the  columns,  and  in 
having  a  separate  column  for  elevations  of  turning-points.  It 
is  not  as  common  a  form  as  the  others,  but  in  many  respects  it 
is  more  convenient.  Its  chief  advantage  is:  Quantities  that 
are  to  be  added  or  subtracted  are  adjacent.  Thus  correspond- 
ing quantities  in  the  first  two  columns  are  added  to  obtain  a 
corresponding  quantity  in  the  third  column,  and  from  quanti- 
ties in  the  third  colmnn  are  subtracted  quantities  in  the  fourth 
column  to  obtain  quantities  in  the  fifth  column.  It  is  also 
convenient  to  have  stations  and  their  elevations  in  adjacent 
columns. 

(c)  Comments  on  Form  D.  This  form  is  entirely  different 
from  the  other  three  forms.  The  first  three  columns  are  filled 
outgin  the  field  in  the  usual  manner.  The  column  of  differences 
is  found  by  subtracting  each  F.S.  from  the  preceding  F.S.,  ex- 
cept in  the  case  of  the  first  F.S.  after  each  turning-point,  and 
this  is  subtracted  from  the  B.S.  on  that  point.  The  elevations 
in  the  fourth  column  are  found  by  adding  algebraically  each 
difference  to  the  preceding  elevation.  The  checks  in  the  last 
column  are  found  by  subtracting  from  the  B.S.  on  one  turning- 
point  the  F.S.  on  the  next  turning-point,  and  adding  this  dif- 
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ference  algebraically  to  the  elevation  of  the  first  in  order  to 
check  the  elevation  of  the  second. 

This  form  is  not  much  used.  Its  chief  advantage  is  the 
check  afforded  for  the  elevation  of  each  intermediate  station. 
There  is  no  such  check  in  the  other  three  forms.  For  this 
reason  this  method  of  differences  is  especially  useful  in  working 
up  notes  for  profile  leveling,  since  the  computation  for  every 
point  on  the  profile  is  checked  once  and  turning-points  are 
checked  twice. 

Another  form  of  notes  is  shown  on  p.  256,  where  the  method  of 
keeping  level  notes  is  illustrated  by  several  examples  from  practice. 

304.  Rules  for  Checking  Level  Notes,  (a)  Add  all  back- 
sights together;  add  all  turning-point  foresights  together;  the 
difference  between  these  two  sums  should  equal  the  difference 
between  the  elevations  of  the  first  and  last  stations.  The  fore- 
sight on  the  last  station  should  be  included  in  the  sum  of  fore- 
sights although  there  is  no  corresponding  backsight.  The  last 
station  is  a  turning-point  in  the  sense  that  should  the  work  be 
continued  a  backsight  would  be  taken  on  it  (Art.  301(6),  p.  239). 
In  leveling  around  a  closed  figure,  moreover,  the  first  and  tiie 
last  station  coincide,  and  the  difference  between  the  two 
sums  would  equal  zero  were  it  possible  to  do  perfect  field  work. 

(6)  Notice  that  this  is  a  check  on  office  work  but  not  on  field 
work.  It  enables  one  to  detect  numerical  mistakes  made  in 
working  out  heights  of  instrument  and  elevations  of  turnings 
points,  but  it  does  not  disclose  mistakes  in  using  the  level,  read- 
ing the  rod,  or  entering  the  rod-readings.  Moreover,  it  is  not 
a  check  on  the  computed  elevations  of  intermediate  stations, 
because  no  backsights  are  taken  on  such  stations. 

(c)  lUuatration.  In  form  A,  sum  of  backsights  ^^  13 ;  sum  of  turning- 
point  foresights  (including  that  of  G)  =  ll;  thus,  13  —  11  =  102  —  100  —  2 
(check). 

(d)  Note.  Another  method  of  appljang  the  same  rule:  (1)  Add  the 
siun  of  all  the  backsights  to  the  elevation  of  first  station.     (2)  Subtract 


from  this  result  the  sum  of  the  turning-point  foresights:  the  result  should 
be  the  elevation  of  the  last  station.  Thus,  (100  + 13)- 11  =«  102  (check). 
See  also  the  level  notes  on  page  257  for  another  illustration.  t 

305.  Differential  Leveling.  Leveling  in  which  the  object 
is  simply  to  find  the  difference  in  elevation  between  two  or 
more  points  without  regard  to  distances  between  the  points. 
■  306.  Profile  Leveling.  Leveling  in  which  the  object  is  to  get 
the  elevations  at  known  distances  apart  and  thus  obtain  the  profile 
of  the  surface  along  a  given  line.  A  profile  should  show  all  ele- 
vations and  depressions  ^long  the  U»e  »s  if  seen  from  a  side  view. 
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307.  Flying  Levels.  A  line  of  levels  to  determine  approx- 
mate  elevations,  run  with  more  rapidity  and  less  precision 
than  usual. 

308.  Cross-levels.  Levels  taken  to  show  heights  on  either 
side  of  the  main  line.  Used  in  railway  and  highway  work  to 
determine  cross-sections  at  right  angles  to  the  general  direction 
of  the  road-bed. 

309.  Reciprocal  Leveling  consists  in  £nding  the  difference 
of  elevation  between  two  points  by  two  sets  of  observations  as 
follows:  (1)  Sights  are  taken  on  both  points  from  a  level  set  up 
near  one  of  them;  (2)  then  the  level  is  set  up  near  the  other 
point,  in  such  a  position  that  the  longer  and  shorter  sights  on 
the  two  points  are  about  equal  in  length  to  the  longer  and 
shorter  sights  respectively  of  the  first  set-up.  The  mean  of  the 
two  results  obtained  from  the  first  and  second  set-ups  should 
be  the  true  difference  of  elevation.  This  process  eliminates 
error  due  to  lack  of  adjustment  of  the  level,  and  in  precise  level- 
ing corrects  for  curvature  and  refraction. 

310.  Establishing  Points  at  Given  Elevations  is  the  re- 
verse of  the  process  explained  in  the  preceding  articles.  It  is 
in  leveUng  what  "staking-out  work"  is  in  transit  surveying 
and  in  a  great  deal  of  construction  work  the  two  must  be  com- 
bined. Setting  grade-stakes  and  fixing  heights  for  different 
parts  of  steel  and  masonry  structures  constitute  a  large  part  of 
the  leveler's  work.  For  a  detailed  explanation  of  such  work 
see  Chapter  XXIII. 

(a)  Grade.  The  degree  of  inclination  from  the  horizontal,  as, 
for  example,  a  rise  or  fall  of  one  foot  measured  vertically  for  each 
100  ft.  measured  horizontally  (a  one  per  cent  grade),  or  a  grade 
of  2  ft.  per  100  ft.  (2%  grade),  or  of  5  ft.  per  100  ft.  (5%  grade), 
or  no  rise  or  fall  (a  level  grade). 

(b)  Grade-rod.  A  calciUated  rod-reading  found  by  subtract- 
ing the  required  elevation  of  a  point  from  the  height  of  instru- 
ment, i.e.,  it  is  the  distance  to  measure  down  from  the  line  of 
sight  to  establish  a  point  at  a  given  elevation. 

lUusiraium.     In  Fig.  310  (6)  it  is  required  ^-             . 

to  drive  a  stake  at  each  of  the  points  A,  B.  ^.i. ,    ■a,».JjjiL...,^ 

and  C,  so  that  the  tops  of  the  stakes  will  .  I        /f\         Vf 

be  respectively  98  ft.,  102  ft.,  and  104  ft.  $     loSl^^'^^^SIlP 

above  some  given  datum.     The  height  of  12<li                      '^ 

instrument,  found  by  backsighting  on  some  98j  .^^^^^^ 

point  of  known  elevation,  is  108  ft.     The  v^T 

gradi-rod  for  A  is  therefore  10  ft.,  for  B  „  ^    „-^  ,.. 

B  ft.,  and  for  C  4  ft.  ^*«-  310  (6). 
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(a)  Illustration. 


FiQ.  311  (a). 


311.  Trigonometric  Leveling.     Leveling  b}^  means  of  ver- 
tical angles  and  horizontal  distances.     The  theory  is  based  on 
the  trigonometric  properties  of  a  right  triangle. 
First  Method 
In  Fig.  311  (a)  let  T  be  the  center  of  a 
transit   telescope.    After  measuring    the 
horizontal  distance  BT  and  the  vertical 
angle  BTA,  the  height  BA  is  found  by- 
trigonometry,    BA'^BTxtsaiBTA,      In 

B T^^l/ ^1      like  manner  CD-^VDxtsinCTD,       The 

r  .^'/vx^  D  distance  TE  from  the  center  of  the  sup- 
porting axis  to  the  ground  having  been 
measured,  the  relative  elevations  of  A, 
E,  and  C  are  determined.  Thus  the  ele- 
vations of  any  number  of  points  above  or  below  T  (or  E)  may 
be  found. 

Remark.  The  point  T  is  the  intersection  of  three  axes,  vie.,  (1)  throiu^ 
the  line  of  sight,  (2)  through  the  center  of  the  supporting  axis,  and  (3) 
through  the  plumb-bob  line.  This  method  is  the  same  as  that  of  Art.  277 
(/),  p.  223. 

(b)  If  the  elevations  of  points  are  required  with  reference  to  some  datum, 
first  find  the  elevation  of  T  (i.e.,  the  height  of  instrument)  by  backsightinc 
on  some  point  of  known  elevation,  as,  for  example,  some  bench-mark. 

(c)  When  for  any  reason  the  horizontal  distance  from  7*  to  C  (i.e.,  TD) 
cannot  be  measiuiea,  TD  may  be  found  by  triangulation,  treating  C  as  an 
inaccessible  point  (see  277  (c),  p.  222),  or  in  some  oases  it  may  be 
possible  to  measure  TC  and  then  proceed  as  explained  in  the  next  two 
illustrations. 

Second  Method 

A  second  method  often  used,  especially  in  stadia  work,  is 
one  in  which  the  hypothenuse  is  measured  instead  of  the  base. 

{d)  Illustration.  Let  T  in  Fig.  311  (d)  represent  the  center 
of  a  transit,  •  and  a  a  point  on  the 
ground  underneath  T.  Let  a'  repre- 
sent a  target  set  as  far  above  the 
bottom  of  the  rod  as  T  is  above  a. 
(i.e.,  a'G  =  aT).  Then  Ta'  X  sin  a'TD  - 
a'D  —  Ge,  or  the  elevation  of  G  above  a 

(e)  Illustration.  Let  B  represent 
some  point  of  known  elevation  not 
under  the  instrument,  as,  for  example, 
some  bench-mark.  With  the  tele- 
scope horizontal  set  the  target  at  c. 
Let  6  be  an  imaginary  point  under- 
neath T,  of  the  same  elevation  as  B  (i.e.,  Tb^cB). 
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changing  the  target  hold  the  rod  at  G  and  let  b'  represent  the 
taiget  for  this  position  of  the  rod.  Then  h'G=*Th'^cB  and 
76' X sin  h'TD'^h'D^Gfy  or  the  elevation  of  G  above  B. 

if)  Caution.  Since  all  the  methods  illustrated  are  in  common  use,  it 
Is  very  necessary  in  keeping  field  notes  to  make  dear  what  point  is  taken 
as  a  reference-point,  T  the  center  of  the  supporting  axis,  a  a  point  on  the 
ground  under  the  instrument,  or  B  some  i)oint  not  under  the  instrument ; 
also  whether  the  base  or  the  hypothenuse  is  measured. 

312.  Leveling  with  the  Qradienter.  The  gradienter  is  a 
tangent-screw  attached  to  the  supporting  axis  of  the  telescope. 
By  means  of  a  micrometer-head  small  vertical  angles  may  be 
measured,  or  large  angles  may  be  read  with  the  vertical  arc 
supplemented  by  the  micrometernscrew.  As  a  rule  the  value 
of  the  screw-thread  is  such  that  one  complete  revolution  of  the 
screw  will  move  the  horizontal  hair  over  a  space  of  one  foot 
on  a  vertical  rod  at  a  distance  of  100  ft.,  so  that  angles  are 
measured  in  terms  of  the  tangent.  If  the  distance  to  a  rod  at 
any  point  is  known,  and  the  vertical  angle  is  found  by  the 
gradienter,  the  elevation  of  the  point  may  be  determined  by 
trigonometry,  as  already  explained.  The  distance  from  the 
transit  to  the  rod  may  be  found  also  with  the  gradienter  by 
turning  the  screw  through  one  complete  revolution.  If  it 
passes  over  one  foot  of  the  rod,  the  latter  is  100  feet  away,  IJ 
ft.  160  ft.  away,  and  so  on  in  the  same  proportion.  This  method 
of  obtaining  distances  is  similar  to  the  stadia  method.  Thus, 
if  necessary,  the  entire  work  of  finding  the  elevation  of  a  point 
may  be  done  with  the  gradienter  alone,  without  using  a  tape. 
This  is  also  true  of  the  stadia. 

313.  Barometric  Leveling.  Since  the  barometer  is  an  in- 
strument for  measuring  atmospheric  pressure  and  since  this 
pressure  is  less  for  hi^  altitudes  than  for  low  altitudes,  differ- 
ences in  elevation  may  be  estimated  by  differences  in  barometer- 
readings.  Roughly  speaking,  the  average  reading  of  the  ba- 
rometer at  sea-level  is  30  inches  and  the  barometer  falls  about 
one  inch  for  every  900  ft.  of  ascent  above  the  sea-level. 

If  the  decrease  in  the  density  of  the  air  were  exactly  uniform 
and  if  the  pressure  at  a  given  elevation  were  always  the  same, 
barometric  leveling,  would  give  very  satisfactory  results. 

(a)  Atmospheric  sources  of  error.  The  pressm-e  of  the  atmos- 
I^iere  at  any  point  is  constantly  changing,  due  to  changes  in 
meteorologic  conditions.  This  change  may  amount  to  as  much 
as  two  inches  or  more.    In  other  words  the  elevation  of  the 
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same  place  as  indicated  by  the  barometer  at  two  different  timeo 
may  change  as  much  as  1800  feet.  For  the  same  reason  barom- 
eter-readings taken  simultaneously  at  two  different  places  may 
be  exactly  the  same  and  yet  the  elevations  of  the  two  places 
be  quite  different.  The  error  from  this  source  may  be  largely 
eliminated  by  taking  barometer-readings  over  a  long  period  of 
time  at  different  seasons  of  the  year  and  hours  of  the  day,  and 
tius  obtain  a  mean  value,  but  this  method,  of  course,  cannot 
be  used  in  ordinary  surveying. 

(6)  Temperature  also  affects  barometer-readings  in  two  ways: 
(1)  it  affects  the  barometer  itself,  and  (2)  the  weight  of  the 
air,  for  the  warmer  the  air  the  Ughter  it  is.  In  a  mercurial 
barometer  the  height  of  the  column  of  mercury  is  affected  by 
the  temperature.  It  is  usually  claimed  that  aneroid  barom- 
eters are  compensated  for  temperature,  and  though  this  is  not 
strictly  true  it  is  customary  to  make  no  correction  for  the 
temperature  of  the  barometer  itself,  as  in  the  case  of  a  mercurial 
barometer.  In  using  either  barometer  the  greatest  uncertainty 
arises  from  the  method  of  determining  the  average  temperature 
of  the  air-column.  Thus,  in  finding  the  difference  in  altitude 
between  two  stations,  the  temperature  of  the  air  taken  at 
each  station  is  necessarily  the  temperature  of  a  stratum  of  air 
near  the  earth,  and  the  common  assumption  that  the  average 
temperature  of  the  air-column,  upon  which  the  difference  of 
pressure  between  the  two  stations  dep>ends,  is  the  average  of 
the  observed  temperatures  at  these  stations,  is  an  erroneous 
one. 

(c)  Barometric  formulas.  Nimierous  formulas,  differing 
chiefly  in  experimental  constants,  have  been  developed  for  es- 
tabhshing  a  relation  between  altitude  and  barometer-readings.'* 
These  formulas  may  be  divided  into  two  classes:  (1)  statical 
and  (2)  dynamical.  Statical  formulas  assume  that  the  air  is 
in  statical  equiUbrium  and  are  more  commonly  used.  Dynam- 
ical formulas  take  into  account  the  fact  that  the  air  is  more  or 
less  in  motion,  but  require  extended  observations  to  obtain  the 
required  data.  There  is  Uttle  difference  in  accuracy  between 
the  two  classes  of  formulas. 

In  ordinary  work  those  terms  in  the  formulas  which  depend'  upon  the 
temperature  of  the  barometer,  humidity,  latitude,  gradient,  ana  other 

*  For  a  discussion  of  these  formulas  see  Baker's  Engineer's  Surveying 
Instruments,  Chapter  XII. 
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still  smaller  sources  of  error  may  be  ignored,  leaving  only  the  mean  tem- 
perature of  the  air  to  be  taken  mto  account.  Ferrei^B  formula,*  which  is 
perhaps  one  of  the  best,  will  then  reduce  to 

log  H-log  (log  B'-log  B)+log  60521.5[l  +  .001017(f +«-640)]; 

^•^  difference  in  altitude  between  the  two  points  whose  observations  are 
taken,  B'  =  observed  height  of  the  barometer  at  the  lower  station  (in 
inches),  B  the  height  of  the  barometer  at  the  upper  station,  f  and  t  the 
temperatures  of  the  air  at  the  lower  and  upper  stations  respectively. 

If  the  mean  temperature  is  assumed  as  50°,  then  f-{-t  =  100  or  tf+t— 
64^=36**.  If  the  mean  barometer  reading  at  the  sea-level  is  approxi- 
mately 30  inches,  the  above  equation  may  be  written 

-ff=60521.5(l  +  .001017X36)(log  ^-logp) 

-  62737  log ^-  62737  log  ^. 

30 
Tables  may  be  computed  from  the  equation  A  "-62737  log-g  for  differ- 
ent values  of  B,  the  corresponding  values  of  A  being  the  altitudes  above 
a  datum  corresponding  to  a  barometric  presstu'e  of  30"  (or  approximate 
sea-level),  when  t+t'  —  lOO'^.  For  other  than  the  mean  temperature  of 
50^  a  correction  may  be  applied  as  follows: 

H-(Ai-A2)(l  +  C), 

where  ^=»the  corrected  difference  in  altitudes  of  the  two  stations  ob- 
served, Ai  and  Aa  the  altitudes  of  these  stations  as  taken  from  Table  I, 
and  C  a  correction  for  various  values  of  t  +  t'  &8  taken  from  Table  II. t 
For  the  method  of  using  the  aneroid  barometer  see  Art.  343,  p.  265. 

*  See  Appendix  10,  U.  S.  Coast  and  Geodetic  Survey  Report  for  1881. 
t  These  two  tables  are  given  in  the  back  of  the  book. 


CHAPTER  XXI 

LEVELING— FIELD  WORK 

The  theory  of  leveling,  explained  in  the  preceding  chapter,  is  exceed- 
inglv  simple,  but  no  branch  of  surveying  requires  greater  care  in  the  field 
work.  Accurate  results  can  be  obtained  only  by  observing  certain  pre- 
cautions which  tend  to  eliminate  mistakes  and  errors.  These  precautiozis 
are  so  well  understood  that  the  methods  of  field  work  are  more  unifonn  in 
leveling  than  in  almost  any  other  branch  of  surveying.  It  is,  therefore, 
somewhat  easier  to  give  definite  dh-ections  and  suggestions,  but,  as  in  a,ll 
field  work,  it  is  not  desirable  to  lay  down  hard-and-fast  rules,  nor  to  foUo'w 
blindly  such  directions  as  are  given. 


314.  A  Level  Party  usually  consists  of  a  levelman  and  a 
rodman.  In  rough  country  a  third  man  is  sometimes  needed, 
to  act  as  axeman.  In  very  accurate  work  two  rodmen  may 
be  used  to  advantage,  and  as  many  as  five  men  may  be  needed 
in  the  party. 

315.  Equipment  for  a  Level  Party.  (Things  most  likely 
to  be  forgotten  are  put  first.) 

Rodman.  Tacks  or  brads,  crayon,  stakes,  hatchet,  tape,  note- 
book, and  leveling-rod. 

Levelman.  Necessary  notes  from  transit  party,  datum,  etc., 
note-book,  adjusting-pin,  level.* 

Both  men  should  provide  themselves  with  hard  pencils,  pencil- 
erasers,  and  scribbling-pads. 

316.  Signals.  When  the  levelman  wishes  the  rodman  to 
raise  the  target  he  holds  his  hand  above  the  shoulder.  The 
hand  held  below  the  shoulder  means  to  lower  the  target.  In 
either  case  the  nearer  the  target  approaches  to  the  line  of  sight 
the  nearer  the  hand  should  approach  the  level  of  the  shoulder. 
Dropping  the  hand  to  the  side  means  to  stop  moving  the  tar- 

*  Accurate  work  in  leveling  may  be  done  with  a  transit  provided  it  has 
a  good  level  attached  to  the  telescope  and  is  kept  in  gooa  adjustment,  a 
fact  which  students  are  slow  to  realize.  Of  course  the  methods  of  work 
are  practically  the  same  as  for  the  level. 
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get.  A  gentle  motion  of  the  hand  up  or  down  from  the  shoulder 
means  to  move  the  target  slowly  in  the  direction  indicated. 
When  the  target  is  in  the  correct  position,  bring  the  hands  to- 
gether over  the  head,  which  means  "all  right."  Holding  the 
right  arm  straight  up  means  to  "pliunb  the  rod  to  the  right"; 
the  left  arm  means  "plumb  to  the  left." 

Remark,  Any  other  set  of  signals  may  be  agread  upon,  but  they  should 
be  clear  and  unmistakable  at  several  hundred  feet  away,  and  should  enable 
the  rodman  to  get  the  target  into  position  in  the  shortest  possible  time. 
It  is  essential  that  the  signals  to  move  the  target  up  or  down  should  indi- 
cate to  the  rodman  abimt  how  much  the  target  ahould  be  moved.  A  common 
fault  with  levelmen  is  that  of  holding  the  arm  horizontal  and  moving  the 
fingers  in  such  a  way  that  the  rodman  cannot  teU  whether  the  target  is 
to  he  moved  up  or  down.     Avoid  aU  shouting. 

317.  Some  Things  to   Know  Before  Beginning  Work. 

(1)  How  to  set  up  a  level  (p.  226).  (2)  How  to  use  the  telescope 
to  get  accurate  results  (p.  227).  (3)  How  to  read  the  rod  (p. 
227).  (4)  What  points  of  the  rod  are  danger-points,  i.e.,  points 
where  mistakes  in  reading  are  likely  to  occur  (p.  229).  (5)  How 
to  test  the  rod  for  a  high  rod-reading  (p.  232).  (6)  What  is 
meant  by  datum ,  benchr-mark,  station,  and  plane  of  sight  (p.  234). 
(7)  What  the  two  essential  steps  in  levehng  are  (p.  235).  (8) 
What  is  meant  by  height  of  instrument,  backsight,  foresight,  and 
turning-point  (p.  236).  (9)  Why  it  is  important  to  take  read- 
ings with  greater  care  on  turning-points  than  on  intermediate 
points  (p.  239).  (10)  How  to  keep  notes  (p.  239),  and  how  to 
check  them  (p.  242). 

Remark.  As  soon  as  the  student  has  become  familiar  with  the  fimda- 
mental  principles  and  operations  in  leveling,  he  should,  begin  a  study  of 
the  sources  of  errors  and  the  methods  of  eliminating  or  correcting  them. 
(See  the  next  chapter.")  This  is  the  quickest  and  surest  way  of  learning  to 
3o  accurate  and  reliable  work. 

318.  Two  Methods  of  Getting  the  Rod-reading.  (See 
also  p.  227.)  (1)  In  many  cases,  especially  at  intermediate 
stations,  the  levelman  can  read  the  rod  from  the  instrmnent, 
no  target  being  used.  (2)  For  turning-points,  or  for  any  sta- 
tion where  the  reading  is  required  to  the  hundredth  of  a  foot,  it 
is  usually  necessary  to  use  the  target.  After  a  target  is  clamped 
the  rod  shoidd  be  held  a  second  time  to  make  sure  that  the 
target  did  not  slip  in  the  process  of  clamping. 

Remark.  It  is  a  great-  saving  of  time  to  read  the  rod  directly  from  the 
instrument;  that  this  is  accurate  enough  in  the  majority  of  cases  is 
i^wn  on  p.  254. 

319.  The  Starting-point  or  First  Backsight.  If  only  the 
elevations  of  stations  with  respect  to  each  other  are  required, 
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establish  any  convenient  bench-mark  to  start  with,  and  assume 
its  elevation  as  100  or  1000  or  any  convenient  number  great 
enough  so  that  there  will  be  no  minus  elevation,  i.e.,  so  that 
the  lowest  station  will  have  an  elevation  above  zero.  This  is 
equivalent  to  assuming  a  datmn  regardless  of  sea-level  or  of 
any  other  datum  previously  used. 

If  elevations  are  required  with  reference  to  some  fixed  datum, 
it  is  necessary  before  starting  out  to  obtain  the  elevation  of 
some  near-by  bench-mark  previously  established  from  that 
datiun,  and  then  to  use  that  bench-mark  as  a  starting-point.  Or, 
if  no  bench-mark  of  known  elevation  is  at  hand,  one  may  be 
assmned,  and  the  levels  run;  afterward  the  true  height  of  tlje 
assumed  bench-mark  can  be  ascertained  by  running  levels  from 
some  bench-mark  of  known  elevation,  and  the  false  elevation 
previously  obtained  can  easily  be  reduced  to  correspond  to  the 
datiun. 

IWustration.  In  a  city  survey,  no  city  bench-mark  beiiig  conveniently 
near,  a  bench-mark  was  established  on  the  top  of  a  hitching-post,  its  ele- 
vation being  assumed  as  100  ft.  Afterward,  by  running  levels  from  the 
nearest  city  bench-mark,  the  elevation  of  the  top  of  the  hitching-post  with 
respect  to  the  city  datimi  was  found  to  be  54.6  ft.  The  elevations  already 
obtained,  using  100  as  the  assumed  elevation  of  the  post,  were  easily  cor- 
rected by  subtracting  from  each  elevation  46.4  ft.  (or  100—64.6).  (See 
also  Form  G,  p.  267.) 

320.  The  Field-work  Routine  in  differential  leveling  and 
in  profile  leveling  is  much  the  same.  The  chief  difference  is 
that  in  differential  leveling  all  points  are  turning-points,  while 
in  profile  leveling  there  are  intermediate  stations. 

(a)  Dijferential  leveling.  The  levelman  sets  his  level  up  at 
any  convenient  point  where  he  can  sight  on  a  rod  held  at  the 
starting-point.  The  rodman  holds  his  rod,  moving  the  target 
up  or  down  according  to  the  signal  from  the  levelman,  and 
clamps  the  target  at  the  signal  "all  right."  He  then  holds  the 
rod  a  second  time,  and  if  the  levelman  again  signals  "all  right " 
he  reads  the  rod,  and,  as  he  passes  the  level  on  his  way  to  the 
next  turning-point,  the  levelman  checks  the  reading.  Both 
men  enter  the  reading,  each  in  his  own  note-book.  A  turning- 
point  is  then  chosen  at  such  a  distance  from  the  level  that  the 
length  of  the  foresight  shall  be  about  equal  to  the  length  of 
the  backsight  just  taken.  The  target  is  set  as  before,  a  second 
sight  being  taken  after  clamping.  The  levelman  takes  up  the 
level  and  moves  on.  As  he  passes  the  rodman  on  the  way  to 
the  next  set-up,  he  checks  the  foresight  reading,  and  each  enters 


FIELD  WORK  251 

it  in  his  note-book.      This  completes  one  step;    from  there  on 
it  is  but  a  repetition  of  this  process. 

Remark.  It  is  not  always  oustomaiy  in  practice  for  both  men  to  keep 
the  notes  and  read  the  rod,  but  it  is  very  desirable  that  students  should 
adopt  this  precaution,  esi>ecially  when  they  are  new  to  the  work. 

(6)  Profile  leveling.  The  work  is  similar  to  differential  level- 
ing except  that  distances  between  stations,  if  not  already 
known,  must  be  measured,  and  a  niunber  of  foresights  from 
the  same  set-up  are  often  taken  on  intermediate  stations.  Make 
it  a  rule  after  backsighting  on  one  turning-point  to  foresight 
immediately  on  the  next  turning-point  before  the  instrument 
has  a  chance  to  "get  out";  afterward  the  foresights  on  the 
intermediate  stations  between  the  two  turning-points  may  be 
taken. 

321.  Lengths  of  Foresights  and  Backsights.  In  ordinary 
work,  for  the  best  results,  the  lengths  of  sights  should  not  exceed 
300  feet  nor  be  much  less  than  100  feet.  On  level  ground  the 
tendency  is  to  choose  turning-points  too  far  apart,  thus  mak- 
ing the  sights  too  long.  On  steep  slopes  the  tendency  is  the 
other  way,  but  too  short  sights  may  be  avoided  by  choosing  tum- 
ing-pK>ints  so  that  they  "zigzag."  (See  the  next  article.)  For 
each  set-up  endeavor  to  make  the  backsight  on  one  turning-point 
and  the  foresight  on  the  next  turning-point  approximately  equal. 

322.  Where  to  Set  Up  a  Level.  Off  to  one  side  where  it 
is  not  easily  disturbed  or  jarred,  and  where,  if  possible,  solid 
footing  can  be  had  for  the  tripod.  Set  up  half-way  between 
turning-points.  In  going  up  or  down  hill  one  can  usually  take 
a  much  longer  sight  on  the  down-hill  side  than  on  the  up-hill 
side,  especially  if  a  high  rod  is  used,  but  resist  the  temptation 
to  do  this,  and  keep  the  sights  on  turning-points  nearly  equal. 
This  can  often  be  done  by  zigzagging,  i.e.,  working  so  that  a 
turning-point  on  the  up-hill  side,  while  not  much  higher  up 
the  hill  than  the  instrument,  is  far -enough  to  one  side  to  make 
the  up-hill  sight  about  equal  to  the  down-hill  sight. 

On  steep  slopes  the  beginner  almost  invariably  tries  to  take 
too  long  sights.  Going  up-hill  he  finds  that  the  line  of  sight  is 
too  high  to  strike  the  down-hill  rod;  going  down-hill  he  finds 
the  line  of  sight  too  low  to  strike  the  up-hill  rod.  Result,  loss 
of  time  in  setting  up  the  level  again. 

Nevertheless,  in  going  down-hill,  set  up  the  level  so  that  the 
Una  of  sight  will  strike  near  the  bottom  of  the  rod,    A  good 
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way  to  do  when  in  doubt  is  to  set  one  leg  of  the  tripod  on  the 
ground,  and  taking  the  other  two  legs,  one  in  each  hand, 
quickly  bring  the  telescope  into  about  the  position  it  -will 
occupy  when  the  level  is  set  up;  and  then  sight  along  the  tele- 
scope to  see  where  the  line  of  sight  will  strike. 

323.  Choosing  Turning-points.  From  the  two  preceding 
articles  it  is  seen  that  the  location  of  turning-points  is  largely 
determined  either  by  the  lengths  of  backsight  and  foresight  or 
by  the  position  of  the  level  itself.  In  choosing  the  object  upon 
which  to  rest  the  rod,  keep  in  mind  that  it  should  be  some- 
thing firm  and  solid,  easily  described  and  found,  definite  and 
unmistakable. 

(o)  Remark.  More  trouble  comes  from  choosing  unsuitable  turning- 
points  than  from  almost  any  other  cause.  For  example,  why  choose  for 
a  turning-point  a  small  stone  in  loose  soil  that  may  settle  half  an  inch 
while  the  rod  is  being  held  on  it,  and  then  read  the.  rod  to  the  thousandth 
of  a  foot?  Moreover,  turning-points  should  be  found  easily,  so  that  if  a 
mistake  occurs  it  will  not  be  necessary  to  go  back  to  the  last  bench-mark, 
but  to  the  last  turning-point.  Choose  some  definite  point,  so  that  the 
base  of  the  rod  will  rest  idwajrs  on  the  s£tme  spot.  It  is  well  to  mark  the 
spot  with  chalk.  Sometimes  it  may  be  necessary  to  drive  a  stake  solidly 
into  the  ground  and  to  use  the  top  of  it  for  a  turning-point. 

(5)  A  steel  turning-point  may  be  bought  or  constructed.  One  form  con- 
sists of  a  steel  triangiilar  plate  about  one  quarter  of  an  inch  thick,  with 
its  comers  bent  down  at  right  angles.  The  rodman  forces  these  three 
sharp  points  into  the  ground  with  his  foot,  and  holds  the  rod  on  a  round 
rivet-head  that  is  in  the  center  of  the  plate.  The  objection  to  using  such 
a  point  is  that  it  has  to  be  moved  at  each  new  set-up,  and  thus  the  preced- 
ing turning-points  are  all  destroyed. 

324.  Holding  the  Leveling-rod.  It  is  not  easy  to  hold 
a  leveling-rod  plumb  and  stUl  at  the  same  time,  especially  if  the 
wind  is  blowing.  If  one  stands  squarely  behind  the  rod  and 
holds  it  with  both  hands,  he  is  in  the  best  position  to  hold  it 
still.  Some  surveyors,  however,  prefer  to  have  a  rodman  stand 
facing  the  side  of  the  rod,  since  from  this  position  he  can  see 
better  whether  or  not  the  rod  leans  toward  or  away  from  the 
instrument,  while  the  levelman  can  tell  by  means  of  the  ver- 
tical cross-hair  when  it  is  out  of  plumb  in  the  other  direction. 
The  vertical  edge  of  a  building  or  some  other  vertical  line 
may  often  be  used  by  the  rodman  as  a  guide.  In  addition  wave 
the  rod  as  directed  on  p.  270;  failure  to  observe  this  precaution 
may  result  in  an  error  as  great  as  0.1  ft.  for  a  single  sight. 

325.  Moving  the  Target.  The  signals  from  the  levelman 
should  indicate  whether  the  target  is  to  be  moved  much  or 
little.  When  it  is  nearly  correct  the  rodman  will  save  time  by 
moving  it  slowly  but  nteadily, — not  jumping  first  too  high  and 
then  too  low. 
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326.  Establishing  Bencli^marks.  (a)  Permanent.  If  a 
bench-mark  is  to  be  permanent,  as,  for  example,  a  city  bench- 
mark, it  should  be  established  with  great  care,  and  referenced 
to  several  surrounding  points.  A  careful  description  should  be 
recorded,  together  with  its  elevation  as  obtained  by  several  sets 
of  levels  run  from  other  bench-^narks.  Such  bench-marks 
should  be  established  where  they  are  not  likely  to  be  disturbed. 
If  a  stone  monument  is  used,  it  should  be  set  well  below  the 
frost-line.  Some  cities  publish  a  list  of  bench-marks  arranged 
according  to  streets.* 

Illustration.  City  Bench-mark,  Grove  St.,  near  College  St.,  New  Haven, 
Conn.  The  highest  point  of  the  middle  post  of  the  three  stone  hitching- 
poets  on  the  north  side  of  Grove  St.,  in  front  of  Sheffield  Hall.  Elevation 
u  33.006. 

(5)  Temporary.  If  a  bench-mark  is  to  be  used  temporarily, 
as,  for  example,  during  the  progress  of  a  survey,  definite,  solid, 
and  comparatively  permanent  objects,  easily  described  and 
found,  may  be  used.  A  tack  in  a  blaze  on  the  root  of  a  tree  is 
a  common  example,  the  letters  B.M.  and  the  elevation  being 
marked  with  crayon  in  a  blaze  on  the  trunk  of  the  tree  directly 
over  it. 

Other  examples.  Comer  of  a  stone  over  a  catch-basin,  tops 
of  stone  hitching-posts,  gate-posts,  door-steps,  highest  point  of 
a  solid  rock,  or  definite  points  on  solid  masonry. 

(c)  Where  to  establish  bench-marks.  Near  the  beginning  *and 
end  of  a  line  of  levels;  wherever  in  running  levels  work  is 
t^nporarily  stopped,  as  at  noon-time  or  at  night;  at  intervals 
of  several  hundred  feet;  wherever  a  branch  line  of  levels  is 
likely  to  be  started;  at  the  bottom  and  top  of  any  high  hill 
passed  over;  at  the  crossing  of  a  railway  or  highway;  on 
each  bank  of  a  stream  crossed;  in  a  city,  near  the  street 
comers. 

Special  kinds  of  work  call  for  special  bench-marks.  Thus  in 
making  a  survey  for  a  building  they  may  be  required  at  the 
nearest  sewer-manhole,  on  the  curb  in  front  of  the  building 
site,  and  on  the  water-tables  of  adjacent  buildings. 

327.  Siglits  on  Intermediate  Stations  may  be  taken 
usually  to  the  nearest  tenth  of  a  foot,  and  without  using  a  tar- 

♦  A  Dictionary  of  Altitudes,  by  Mr.  Henry  Gannett,  published  by  the 
Department  of  the  Interior,  U.  S.  Geological  Survey,  gives  elevations  to 
the  nearest  foot  of  many  bench-marks  throughout  tne  United  States. 
Stations  of  the  U.  S.  Coast  and  Geodetic  Survey  and  bench-marks  estab- 
Usbed  by  the  different  railroads  are  often  of  great  value  as  starting-points 
or  as  points  iq;>on  which  to  close  for  a  check. 
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get.  In  this  matter  one  is  governed  by  tne  requirements  of 
the  work.  It  is  foolish,  for  example,  to  hold  a  rod  on  rough, 
imeven,  or  soft  ground,  where  a  slight  movement  one  way  or 
the  other  may  raise  or  lower  the  rod  a  tenth  of  a  foot,  and  then 
read  to  thousandths  or  even  hundredths  of  a  foot.  On  the 
other  hand,  in  some  cases,  as  in  giving  a  grade  for  a  curb,  in- 
termediate stakes  must  be  set  with  greater  accuracy. 

328.  Numbering  Stations.  Stations  are  usually  numbered 
in  order  from  the  beginning  of  the  work.  In  differential  level- 
ing, every  station  being  a  turning-point,  there  can  be  no  break 
in  the  nmnbers.  In  profile  leveling  a  turning-point  is  not  num- 
bered as  a  rule  unless  it  happens  to  be  a  regular  station  on  the 
profile  line,  but  instead  it  is  marked  simply  T.P.  in  the  note- 
book, with,  perhaps,  a  description  of  it  on  the  opposite  page. 

In  profile  leveling  it  is  often  customary,  especially  in  railway 
work,  to  let  the  number  of  a  station  indicate  its  distance  from 
the  starting-point.  Thus:  0+  50, 1, 1 + 50, 2+ 75,  and  140+ 67.8 
mean  50,  100,  150,  275,  and  14067.8  feet  respectively  from  0-1-0 
(the  first  station). 

329.  Checking  Levels.  On  page  242  is  given  a  method  for 
checking  notes,  but  the  only  method  of  checking  the  field 
work  is  by  rerunning  the  levels.  It  is  often  customary,  near 
the  close  of  a  day's  work,  to  run  a  set  of  flying  levels  back  over 
the  line  to  the  starting-point,  checking  on  a  few  of  the  most 
important  bench-marks,  and  finally  on  the  one  at  the  starting- 
point.  In  class  work,  where  there  are  several  parties,  they 
should  check  on  common  bench-marks  established  by  the  in- 
structor at  intervals  of  several  hundred  feet. 

Rerunning  a  line  in  the  opposite  direction  will  usually  result 
in  a  greater  discrepancy  than  if  it  is  rerun  in  the  same  direc- 
tion, but  the  mean  result  is  more  nearly  correct  because  certain 
cmnulative  errors  are  eliminated. 

330.  How  Close  to  Check.  In  practice  the  limit  of  error 
is  determined  by  the  requirements  of  the  work.  Results  are 
affected  by  the  instruments  used,  by  the  nature  of  the  ground 
covered,  by  the  time  in  which  the  work  must  be  done,  by  the 
p>ersonal  equations  of  the  rodman  and  the  levelman,  and  by  the 
atmospheric  condition. 

The  error  depends  to  a  large  extent  on  the  number  of  "set- 
ups," and  the  distance  covered.  In  class  work  a  party,  at  first, 
ought  to  run  half  a  mile  and  back  with  a  differei^oe  of  I989 
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than  0.10  ft.  between  the  assumed  elevation  of  the  starting- 
point  and  its  elevation  as  found  upon  returning  to  it.  This  is 
assuming  eight  or  ten  set-ups  each  w%y.  A  difference  of  0.03 
ft,  would  indicate  excellent  work  for  the  twenty  set-ups,  ten 
each  way,  but  with  good  instruments  and  under  favorable  con- 
ditions students  should  soon  be  able  to  come  within  this  limit 
using  ordinary  precautions.  This  does  not  mean  that  the  abso- 
lute error  is  only  0.03  ft.,  for  some  of  the  errors  are  compensat- 
ing, while  the  cumulative  errors  are  to  a  large  extent  eliminated 
by  running  in  opposite  directions. 

As  a  rough  check  it  may  be  assumed  that  under  ordinary 
conditions  the  total  error  E  should  not  exceed  0.02\/s',  where 
s  is  the  total  number  of  set-ups.  If  the  number  of  set-ups  is 
not  known,  it  may  be  obtained  by  dividing  the  total  distance 
by  tvrice  the  average  length  of  sight. 

The  customary  limits  of  error  are  treated  more  in  detail  in  the 
next  chapter. 

331.  Errors  in  Leveling.  In  no  branch  of  surveying  is  a 
knowledge  of  the  sources  of  errors  and  of  the  methods  of  elim- 
inating errors  more  important  than  in  leveling.  This  subject 
is  treated  in  the  next  chapter. 

332.  Speed.  Rapid  leveling  consists  in  not  wasting  time. 
Time  may  be  wasted  in  setting  up  in  the  wrong  place,  in  set- 
ting up  too  high  or  too  low  to  strike  the  rod,  in  slow  manipula* 
tion  of  the  level,  in  getting  the  target  into  position,  in  reading 
the  target,  and  in  waiting  for  a  rodman  to  slowly  saunter  from 
station  to  station.  The  rodman  should  guess  about  where  to 
move  the  target  or  the  rod,  and  should  have  it  there  by  the 
time  the  levelman  is  ready  to  sight.  He  should  watch  signals 
closely,  and  these  signals  should  show  whether  the  target  must 
be  moved  much  or  little.  Avoid  moving  the  target  in  jumps 
first  too  high,  then  too  low.  Often  a  levelman  can  call  out  the 
approximate  reading,  thus  helping  the  rodman  to  set  the  target 
quickly. 

Bemark.  At  first,  speed  is  not  so  important  as  accuracy.  The  student 
should  not  forget,  however,  that  in  practice  the  two  should  be  combined. 
Bo  much  depends  on  the  requirements  of  the  work,  on  the  nature  of  the 
ground  covered,  and  on  the  instruments  used,  that  it  is  difficult  to  give 
an  idea  of  what  the  speed  should  be.  It  may  be  said  in  a  general  way 
that  in  class  work  a  level  party  working  under  favorable  conditions  should 
soon  be  able  to  set  up  and  take  the  backsight  and  foresight  in  ten  minutes, 
or,  on  an  average,  at  the  rate  of  six  stations  an  hour.  If  the  average  length 
of  nsht  is  200  ft.,  i.e.,400  ft.  between  turning-pointy  this  means  about  half 
A  mfle  Ml  hour. 
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FORM  E  


PROFILE    NOTES,  STA.  31  TO  STA.4-0 


Cross  on  corner  of  hn/er  ston^  step,  of  court  house 


Ground 


B.M.f6  ^  116.216 


ero^nd B.M.Il'^  119.080  (check) 


Natl  in  roof  of  oak  iree,  east  hank,  £i0i^/e  Stream 


FORM    F 
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FORM  6  FpR  DIFFERENTIAL  LEVELING 
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B.5. Note:  Levels  adjusted  from 


Bench  18  on  page  69 


F.S. 


Use  6S.p^0 

N£.cor,  eaten  basin,  N,  W.cor.  Mansfield  and  Tilton  Sts, 


B.S. 


F.S. 

Use  66.Boi 


PtxmNjndofaajrby  Wcurb  Mo nsf/eld St  side  driveway  into  194 
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333.  Field  Notes.  Different  forms  of  field  notes  have 
already  been  discussed  and  compared  in  Art.  303,  p.  239. 
Forms  E  and  F,  shown  on  pp.  256,  257,  correspond  to  forais 
A  and  C  on  pp.  239, 241 .  Form  G  shows  the  notes  for  three  inde- 
pendent runnings  of  a  line  to  establish  a  series  of  benches  for 
a  sewer.  The  notes  for  a  single  running  are  kept  almost  en- 
tirely in  one  column,  the  difference  between  the  B.S.  and  F.S. 
at  each  station  being  noted  in  an  adjacent  column.  The  form 
is  self-explaining;  it  affords  an  excellent  comparison  of  the 
three  results  obtained  for  each  B.M.,  since  these  results  are 
side  by  side  on  the  same  horizontal  line,  and  it  suggests  how 
special  forms  of  notes  may  be  devised  to  suit  special  kinds  of 
work.  It  will  be  noticed  that  the  final  elevations  used  are  0.01 
ft.  less  than  the  mean  values  obtained.  This  comes  from  cor- 
recting the  elevation  of  the  first  B.M.  to  accord  with  elevations 
previously  used  on  p.  69  of  the  field-book  as  indicated  by  a 
note  on  the  right-hand  page. 

Remark. — Follow  the  general  directions  for  keeping  notes  given  in 
Chapter  III. 

334.  Setting  Qrade-stakes.  This  consists  in  setting  stakes 
which  shall  indicate  how  much  cut  or  fill  is  required  to  bring 
the  surface  of  the  ground  to  a  given  elevation  or  grade.  Grade- 
stakes  are  also  set  for  curbs,  pavements,  sewers,  foundations, 
etc.  (See  Chapter  XXIII.)  The  height  of  the  instrument 
having  been  established,  and  the  required  elevation  of  any 
point  being  known,  the  grade-rod  for  that  point  can  be  calcu- 
lated. (See  p.  243.)  This  is  simply  reversing  the  usual  oper- 
ations of  leveling.  There  are  several  ways  in  which  stakes  may 
be  set.  (1)  Each  stake  may  be  driven  so  that  its  top  is  ^^at  grade  J' 
This  is  the  ideal  method,  but  in  many  cases  it  cannot  be  used, 
since  the  top  of  a  stake  would  come  either  below  the  surface 
of  the  ground  or  too  far  above  it.  (2)  Each  stake  may  he  driven 
so  that  its  top  is  one  foot,  two  feet,  or  any  whole  number  of  feet 
above  or  below  grade.  This  is  a  method  often  used.  (3)  Ecich 
stake  may  be  driven  approximately  to  grade,  and  then  a  horizontal 
line  may  be  drawn  across  one  side  or  the  top  of  the  stake  may  be 
sawed  off,  either  at  grade  or  some  whole  number  of  feet  above  or 
below  grade.  This  can  be  done  when  stakes  are  not  easily 
driven  to  the  desired  height.  (4)  Ea^h  stake  may  be  driven 
without  regard  to  grade,  the  elevation  of  its  top  afterward  ascer- 
tained, and  the  amount  of  cut  or  fill  from  the  top  marked  on  the 
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stake.  This  method  makes  it  necessary  for  the  contractor  to 
measure  to  decimals  of  a  foot,  and  hence  mistakes  are  more 
likely  to  occur.  (5)  A  stake  may  be  driven  and  marked  cut  or 
fiU  so  muchf  with  the  understanding  that  the  cut  or  fill  must  be 
measured  from  the  existin'g  surface  of  the  ground.  This  method 
could  be  used  only  for  rough  grading.  Thus,  for  example,  in 
railway  work  the  preliminary  grading  can  be  done  from  such 
stakes,  but  the  road-bed  is  finished,  and  the  rails  are  laid 
from  stakes  driven  with  tops  at  grade. 

(a)  General  method  of  procedure.  The  required  elevation  at 
each  point  where  a  stake  is  to  be  set  must  be  determined.  It 
is  well  to  do  this  in  the  office  before  going  into  the  field.  These 
elevations  are  entered  in  the  level  notes  in  the  usual  way. 
After  the  instrument  is  set-up  and  the  height  of  instrument 
found,  the  grade-rod  should  be  figured  for  each  stake  that  is 
to  be  driven  from  that  particular  set-up.  If  method  (1)  is 
used  set  the  target  at  the  grade-rod  for  any  stake,  and  drive 
the  stake  until,  when  the  rod  is  held  on  its  top,  the  center  of  the 
target  is  covered  by  the  horizontal  hair.  If  method  (2)  is  used 
proceed  in  the  same  way,  except  use  a  ** field''  grade-rod  which 
shall  bring  the  top  of  the  stake  a  convenient  distance  above 
ground,  and  a  whole  number  of  feet  above  or  below  grade. 

(6)  lUustration.  The  required  elevation  of  a  pjoint  is,  say,  120  ft.  The 
actual  elevation  of  the  ground  at  that  point,  given  in  the  note-book  or 
found  at  the  time  by  taking  a  foresight,  is  128.4  ft.  The  H.I.  has  been 
found  to  be  133.6  ft.  The  true  grade-rod  is,  therefore,  133.6  — 120  =>  13.6 
ft.  As  the  surface  of  the  ground  is  128.4  —  120  =  8.4  ft.  above  grade,  the 
top  of  tbe  stake  should  be  about  9  ft.  above  ^ade  or  about  0.6  ft.  above 
the  ground.  Hence  the  /leW-rod  used  in  setting  the  stake  is  13.6  —  9.0=- 
4.6  U.  The  stake  is  marked  "Cut  9.0  ft."  and  the  contractor  is  told  to 
measure  from  the  tops  of  stakes. 

A  similar  method  of  procedure  may  be  used  for  method  (3).  In  method 
(4)  the  cut  or  fill  marked  on  the  stake  is  simply  the  difference  between  the 
elevation  of  the  top  of  the  stake  and  the  grade  elevation  at  that  point; 
in  (5)  it  is  the  difference  between  the  elevation  of  the  ground  and  the 
grade  elevation. 

(c)  Practical  auggettions.  (1)  First  drive  a  stake  approximately,  being 
careful  to  stop  before  it  is  too  low.  Hold  the  rod  ana  let  the  levelman 
indicate  how  much  more  it  should  be  driven.  (2)  Don't  spHt  hairs.  Keep 
in  mind  how  close  the  contractor  can  work,  and  drive  stakes  accordingly. 
It  is  folly,  for  example,  to  drive  stakes  to  the  nearest  hundredth  of  a  foot 
for  ordinary  grading,  the  nearest  tenth  will  often  do.  On  the  other  hand, 
stakes  for  curbs  and  pavements  should  be  set  with  greater  accuracy. 
(3)  Time  can  often  be  saved  hyr  not  using  a  target  at  all,  i.e.,  by  reading  the 
grade-rod  directly  from  the  instrument.  (4)  Sometimes,  as  in  the  case 
<d  sewers,  some  other  device  than  stakes  must  be  used  for  giving  grade 
(see  Chapter  XXIII).  (5)  Stakes  should  be  close  enough  together  to 
enable  the  contractor  to  do  his  work,  but  not  so  close  as  to  be  in  his  way. 
(6)  TTiere  are  two  very  common  mistakes  which  occur  in  setting  grade- 
stakes.  One  is  to  observe  the  wrong  horizontal  cross-hair  (i.e.,  a  stadia- 
wire),  the  other  is  to  set  the  target  incorrectly  for  the  grade-rod.  The 
only  absolute  check  is  to  test  the  stakes  by  setting  up  the  instrument  m 
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a  different  position,  but  errors  may  often  be  detected  by  the  eye  alone. 
If  the  tops  of  three  or  more  stakes  should  be  on  the  dame  une,  and  any  one 
of  them  is  enough  above  or  below  this  Une  to  affect  construction,  the 
error  will  be  apparent  to  the  eye  in  sighting  across  the  tops  of  the  stakes. 
Hence  form  the  habit  of  frequently  lighting  by  eye,  to  make  eure  that  ataket 
are  properly  set. 

(7)  The  Held  notes  are  kept  in  the  usual  form,  except  that  when  they 
have  been  worked  up,  additional  data  will  appear  in  the  notes,  such  as  a 
column  of  grade-rod  values,  grade  elevations,  height  of  ground  above  gi^de, 
and  height  of  grade-mark  above  ground.  A  study  of  the  notes  for  giving 
a  grade  for  a  sewer  (Chapter  XXIII)  will  suggest  forms  for  similar  work 
in  netting  grade-stakes. 

(S)  The  transit  is  very  convenient  for  setting  grade-stakes  (Art.  336.) 

335.  Marking  Qrade-stakes.  If  a  stake  is  at  grade  it  is 
customary  to  mark  it  "Grade,"  if  cut  or  fill  is  required  it  is 
marked  "Cut  —  ft."  or  "Fill  --  ft."  The  number  of  feet 
should  be  plain  and  unmistakable.  In  addition  the  number  of 
the  stake  is  often  marked  on  another  side,  as,  for  example, 
"20+ 60  "  or  '*A-23."  Sometimes  when  the  cut  or  fill  is  measured 
from  a  line  drawn  across  the  stake,  an  arrow  drawn  downward 
for  cut  and  upward  for  fill  is  used  in  place  of  tne  words  "cut" 
and  "fill."  Thus,  an  arrow  drawn  downward  from  the  line 
and  marked  10  ft.  means  "measure  down  10  ft.  from  this  line 
to  get  a  point  on  grade."  Stakes  should  be  marked  with 
crayon  which  will  not  be  washed  out  by  rain.  Too  much  of 
the  surveyor's  crayon  on  the  market  will  not  stand  this  test. 

336.  Shooting  in  Grades.  This  consists  in  establishing  a 
line  of  sight  parallel  to  the  grade,  so  that  one  grade-rod  wUl 
answer  for  all  the  points.  It  is  most  easily  done  with  a  tran- 
sit, although  it  may  be  done  almost  as  easily  with  a  level.  The 
first  step  is  to  establish  two  fixed  points  at  grade.  These  are 
usually  stakes,  one  at  each  end  of  the  line,  or  if  that  brings 
them  too  far  apart  for  accurate  sighting,  extra  stakes  are  set 
at  intervals  of,  say,  400  ft.  The  method  of  procedure  for 
shooting  in  a  grade  between  any  two  stakes  is  described  on 
p.  281.  (See  also  Leveling  with  the  Gradienter,  p.  245.) 

337.  Summary — Directions  and  Suggestions  for  Spirit- 
leveling. 

(a)  Suggestions  for  the  Levelman, 

1.  Choose  a  good  place  for  setting  up  the  level,  away  from 
passing  wagons  or  cars,  where  there  is  a  firm  footing,  and  where 
sights  on  turning-points  will  be  equal.  If  turning-points  are 
established,  set  up  half-way  between  them.  Avoid  sights  of 
less  than  100  ft.  or  more  than  300  ft. 

2.  On  steep  slopes  resist  the  temptation  to  take  unequal 
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sights,  and  estimate  how  far  to  set  the  level  up  or  down  hill 
from  the  backsight  and  still  have  the  line  of  sight  strike  the  rod. 

3.  Be  sure  the  level  is  set  up  correctly  before  sighting.  All 
four  thumb-screws  should  bear  firmly,  and  the  bubble  should 
be  given  time  to  settle,  especially  if  it  is^  at  all  sluggish.  If 
between  sights  the  bubble  ''gets  out"  slightly,  bring  it  back 
before  the  next  sight.  Watching  the  bubble  closely  should 
become  instinctive  with  a  levelman. 

4.  It  is  not  necessary  to  clamp  the  spindle.  Usually  it  is 
better  not  to  do  so. 

5.  Keep  the  horizontal  cross-hair  truly  horizontal. 

6.  If  the  sun  shines  into  the  object-glass,  and  there  is  no. 
regular  sunshade,  roll  up  a  piece  of  paper  and  tie  it  around  the 
front  end  of  the  telescope  instead  of  trying  to  shade  the  glass 
with  a  hat. 

7.  Avoid  unnecessary  walking  around  the  instrument,  and 
keep  the  hands  off  the  instrument  and  tripod  when  sighting. 

8.  Make  your  signals  to  the  rodman  definite,  and  when  the 
target  is  to  be  moved  indicate  whether  to  move  it  much  or 
little. 

9.  In  reading  the  rod  without  a  target  avoid  errors  of  even 
feet  or  tenths  of  a  foot. 

10.  Do  not  split  hairs  on  intermediate  stations  when  only 
approximate  elevations  (to  the  nearest  tenth)  are  wanted. 

11.  Keep  the  level  in  adjustment.    Test  every  day. 

12.  In  ordinary  work  effects  of  heat  and  wind  cannot  be 
avoided,  though  it  is  just  as  well  to  set  the  level  up  in  the  shade. 
In  precise  work  shade  the  level. 

13.  Protect  the  level  at  all  times.  Never  go  away  leavi  g 
it  standing  where  there  is  any  chance  of  its  being  knocked 
over. 

(6)  Suggestions  for  the  Rodman, 

1.  Choose  suitable  turning-points,  avoiding  above  everything 
else  objects  that  settle  or  are  easily  moved.  There  should  be 
a  definite  point  for  the  rod  to  rest  on,  and  do  not  through  care- 
lessness hold  the  rod  on  any  other  part  of  the  object.  Mark 
turning-points  or  describe  them  so  that  they  may  be  easily 
found  again. 

2.  In  choosing  a  new  turning-point  go  as  far  from  the  level 
as  the  level  is  from  the  preceding  turning-point;  if  this  is  too 
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far  up  or  down  the  hill  for  the  line  of  sight  to  strike  the  rod 
go  oft  to  one  side  (zigzagging). 

3.  Keep  the  rod  plumb,  especially  in  the  direction  toward 
and  away  from  the  level — the  levelman  can  tell  when  it  is  out 
of  plumb  in  the  other  direction.  The  vertical  edge  of  a  build- 
ing or  other  vertical  object  may  sometimes  be  used  as  a  guide 
to  the  eye.     Hold  the  rod  still. 

4.  Be  on  the  alert  and  move  the  target  much  or  little,  ac- 
cording to  the  signals.  When  the  target  is  nearly  right  do  not 
move  it  by  jumps,  first  too  high  and  then  too  low.  A  good 
rodman  should  have  the  target  nearly  in  position  before  the 
levelman  is  ready  to  sight. 

5.  After  clamping  the  target  hold  the  rod  for  a  second  sight, 
to  see  if  setting  the  clamp  has  disturbed  the  target. 

6.  A  rod  should  be  tested  before  using  it  for  high-rod  read- 
ing (p.  232).  In  using  the  high  rod  extra  care  is  necessary 
(1)  to  set  the  target  correctly,  (2)  to  read  the  back  of  the  rod 
in  the  right  direction. 

7.  Look  out  for  errors  of  an  even  foot  or  an  even  tenth  in 
reading  the  rod,  and  especially  the  error  of  omitting  the  zero 
when  there  are  no  tenths,  as,  for  example,  4.35  instead  of 
4.035. 

8.  Do  not  lean  the  rod  against  a  tree  or  any  other  object 
where  it  is  likely  to  be  knocked  down  or  blown  over — it  is 
safer  to  lay  the  rod  on  the  ground.  Careless  handling  of  the 
rod  is  likely  to  result  in  bending  the  clamp-screw  to  the  target. 
Never  let  a  high  rod  down  *'on  the  run, ^^  as  it  is  one  of  the  most 
common  ways  of  spoiling  a  rod — and  one  of  the  surest. 

9.  When  a  leveling-rod  is  not  at  hand  rough  work  can  be 
done  with  a  transit-pole.  When  the  differences  in  elevation  of 
only  two  or  three  points  are  required  rubber  bands  (one  for 
each  point)  may  be  used  as  targets  on  any  straight  stick,  the 
actual  differences  in  elevation  being  shown  by  the  final  positions 
of  the  bands.  The  bands  furnish  excellent  sights,  especially 
if  paper  is  wrapped  about  the  stick  underneath  each  band. 

(c)  Suggestiona  for  both  the  Levelman  and  the  Rodman. 

1.  It  is  worth  while,  for  beginners  at  least,  to  check  each 
other's  rod-reading  and  for  each  to  keep  separate  field  notes. 

2.  Make  backsights  and  foresights  equal.    When  this  is  im- 
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possible,  as,  for  example,  in  crossing  a  wide  river,  use  the  recip- 
rocal method.     (See  p.  243.) 

3.  Take  sights  on  both  turning-points  before  taking  interme- 
diate stations.  Describe  the  local  bench-marks  carefully,  not 
forgetting  to  establish  bench-marks  at  regular  intervals  and 
wherever  they  may  be  of  use  later.  (See  p.  253.)  If  anything 
happens  to  throw  the  work  out  go  back  to  the  nearest  bench- 
mark known  to  be  correct  and  start  over  again.  Write  the 
word  "Abandoned''  across  the  portion  of  the  notes  that  are 
incorrect.  Look  out  for  mistakes  in  recording.  (See  p.  274.) 
If  even  a  single  numeral  of  a  reading  as  entered  in  the  notes  is 
incorrect  do  not  erase,  but  draw  a  line  through  the  whole  read- 
ing, and  enter  the  correct  reading  directly  above  it.  Follow 
the  other  directions  for  taking  notes  in  Chapter  III. 

Use  discretion  and  common  sense  in  carrying  out  directions 
and  suggestions.  Keep  the  general  requirements  of  the  work 
in  mind,  learn  what  portions  of  the  work  can  be  slighted  and 
what  cannot  be  slighted  and  still  meet  the  requirements.  Not 
all  portions  of  the  work  need  be  done  with  the  same  care,  as, 
for  example,  sights  on  intermediate  stations  may  be  taken  less 
accurately  than  those  on  turning-points.     (See  p.  253.) 

338.  Duties  of  Levelman.  To  run  the  level,  to  keep  it  in 
adjustment,  to  care  for  it  and  protect  it.  To  keep  a  general 
run  of  the  work,  seeing  that  no  stations  are  omitted,  that  turn- 
ing-points are  properly  chosen,  bench-marks  established,  and 
all  work  done  as  expeditiously  as  possible.  To  keep  notes  if  it 
is  desirable  (and  it  is,  at  least  in  class  work),  and  to  ''work  up" 
the  notes  with  the  rodman  each  day  after  the  field  work  is 
done. 

339.  Duties  of  the  Rodman.  To  hold  the  rod  plumb  and 
still,  and  exactly  on  the  point  where  it  should  be  held.  To  be 
alert  and  attentive  to  signals,  moving  the  target  to  position  in 
as  little  time  as  possible,  and  having  set  the  target  to  give  a  second 
sight.  To  read  the  rod,  enter  the  reading  in  the  note-book,  and 
show  the  rod  to  the  levelman  for  a  check-reading.  To  choose 
turning-points,  establish  bench-marks,  and  describe  them  in  the 
notes.  To  care  for  the  leveling-rod.  To  work  up  notes  with 
the  levelman  at  the  end  of  each  dajr's  work. 

340.  Instructions  for  Very  Accurate  Leveling,  based  on 
customary  methods  for  eliminating  constant  errors,  are  given 
in  the  next  chapter. 
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341.  Trigonometric  Leveling.  First  mtphod,  (See  also  p. 
244.)  (1)  Measure  the  horizontal  distance  from  the  transit  to 
the  point  where  the  elevation  is  required.  (2)  Sight  on  a  pole 
held  at  the  required  point  and  read  the  vertical  angle.  (3)  Mul- 
tiply the  horizontal  distance  by  the  tangent  of  the  vertical  angle. 
The  result  is  the  difference  in  elevation  between  the  supporting 
axis  of  the  telescope  and  the  point  sighted  at  on  the  pole, 

(a)  Practical  hints.  The  difference  in  elevation  usually  required  Ut  that 
between  two  points  on  the  ground,  one  at  the  transit  and  one  at  the  sight- 
pole.  Hence  as  soon  as  the  transit  is  set  up  hold  the  pole  at  the  transit 
and  mark  on  it  the  height  of  the  supporting  axis  of  the  telescope  above  the 
ground.  (Wrap  paper  around  the  pole  and  use  a  rubber  band.)  Sight  on 
this  mark  when  measuring  vertical  angles.  A  level-rod  with  the  target  set 
at  the  height  of  the  supporting  axis  is  still  better. 

The  horizontal  distance  may  be  measured  (1)  with  the  tape,  (2)  with 
the  stadia,  or  (3)  by  triangulation,  as  in  the  case  of  an  inaccessible  height 
(see  p.  223). 

If  the  elevations  of  many  points  are  to  be  reduced  from  vertical  angles 
the  use  of  a  reduction  table  or  a  special  form  of  sUde-rule  will  save  much 
computation. 

(2>)  lUuatration.  A  transit  stands  at  Station  A.  A  sight-pole  is  held 
so  that  the  height  above  the  ground  of  the  supporting  axis  of  tne  telescope 
may  be  marked  upon  it.  The  cross-hair^  are  then  broijght  on  this  mark 
when  the  pole  Js  held  at  a  second  point  B.  The  vertical  angle  as  read  at 
the  transit  is  5^  20'.  The  horizontal  distance  from  A  to  B  is  known  to 
be  421.6  ft.  Taujsent  of  5°  20'  is  0.09335.  Then  421.6X0.09336  =  39.36 
ft.,  the  difference  in  elevation  of  the  ground  at  A  and  at  B. 

(c)  The  accuracy  of  the  method  may  be  judged  by  the  following  results: 
If  the  vernier  on  the  vertical  arc  reads  to  minutes  the  error  in  reading 
the  vertical  angle  should  not  exceed  1'.  If,  in  the  above  illustration,  the 
heights  are  computed  for  three  readings,  5°  19',  5"  20',  and  6°  2I't  the 
three  results  are  respectively  39.234,  39.356,  and  39.483,  or  a  difference 
for  one  minute  of  0.12  for  421.6  ft.  If  the  vertical  ang^  had  been,  si^, 
20°  larger,  the  error  for  one  minute  would  still  be  approximately  the  same. 
Thus,  for  three  readings,  25°  19',  25°  20',  and  25°  21',  the  three  residts 
would  be  respectively  199.438,  199.590,  and  199.741,  or  a  difference  of 
about  0.15  ft.  in  421.6  ft.  It  is  thus  seen  that  the  error  which  arises  from 
reading  the  vertical  arc  is  comparatively  small.  By  the  use  of  the  gra- 
dienter  this  error  can  be  made  much  less  (see  p.  245).  It  must  be  remenu 
hered,  however,  that  there  are  other  sources  of  error.  The  level-bulb  on  the 
telescope  may  not  be  sensitive,  and  it  may  also  be  out  of  adjustment,  ie.. 
the  line  of  sight  may  not  be  horizontal  when  the  reading  on  the  verticflkl 
arc  is  zero.  There  may  be  an  error  in  the  horizontal  distance.  Thus,  if 
in  the  illustration  the  distance  had  been  called  420.6  instead  of  421.6.  the 
error  in  height  for  5°  20'  would  be  0.09  ft.,  and  for  25°  20'  it  would  have 
been  0.47  ft.  It  is  seen,  however,  that  the  method  is  sufficiently  accurate 
for  most  purposes,  and  can  be  used  a  great  many  times  in  place  of  a  level 
and  level-rod.  The  method  is  used  for  determming  the  height  ol  an  in- 
accessible point  (see  p.  223). 

(d)  Second  method.  In  topographic  surveying  the  second 
method  (p.  244)  is  more  often  used,  the  hypothenuse  of  the 
triangle  being  measured  in  place  of  the  base  by  means  of  the 
stadia. 

342.  The  Aneroid  Barometer.  (See  p.  245  for  the  theoiy.) 
The  aneroid  barometer  is  less  accurate  than  the  mercui^ 
barometer,  but  it  is  far  more  portable  and  convenient,  aiid 
therefore  it  is  used  almost  exclusively  in  surveying.    It  coQ- 
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sbts  of  a  metallic  box  from  which  the  air  has  been  exhausted. 
The  varying  pressure  of  the  atmosphere  acting  upon  a  thin 
corrugated  top  of  the  vacuiun-chamber  moves  it  in  or  out,  and 
this  motion  is  transmitted  by  multiplying  levers,  chains,  and 
springs  to  a  pointer  moving  around  a  dial  which  is  grad* 
uated  so  that  atmospheric  pressure  is  recorded  in  inches  to 
correspond  to  the  varying  heights  of  a  column  of  mercury.  In 
addition  the  altitudes  in  feet,  corresponding  to  various  pres- 
mires^  are  usually  given  by  a  second  set  of  graduations — ^less 
accurate  than  the  first  because  dependent  upon  barometric 
formulas  for  reducing  pressure  to  altitude. 

In  addition  to  the  atmospheric  sources  of  error  discussed 
on  p.  245,  the  aneroid  barometer  is  subject  to  many  instru- 
mental errors  such  as:  (1)  Varying  sensitiveness  or  lack  of. 
sensitiveness  of  the  corrugated  top;  (2)  incorrect  graduations; 
(3)  failure  of  chains  and  levers  to  respond  quickly  to  movements 
of  the  corrugated  top.  The  instrument  is  not  intended  for 
accurate  work  and  is  used  chiefly  for  reconnoissance  or  explor- 
ation in  hilly  country,  and  for  rough  topographic  surveys  where 
it  is  desired  to  sketch  in  contours  quickly  without  great  regard 
for  accuracy. 

343.  Leveling  with  the  Barometer.  There  are  three 
methods:  (1)  Sin^e  observations;  (2)  simultaneous  observa- 
tions;   (3)  extended  series  of  observations. 

Tfie  method  of  single  observations  is  the  one  most  used  for 
ordinary  work.  The  barometer  is  carried  from  point  to  point 
and  a  single  reading  taken  at  each  station.  The  readings  thus 
obtained  involve  all  atmospheric  errors,  especially  those  due  to 
the  dianges  in  the  atmosphere  which  take  place  during  the  in- 
terval between  obeervations. 

The  altitude  scale  should  not  be  used  except  for  very  rough 
work,  and  only  for  the  purpose  of  ascertaining  differences  of 
altitudes.  If  the  scale  is  adjustable  the  barometer  may  be 
taken  to  some  benchnnark  or  point  of  known  elevation  and  set 
at  tiie  altitude  of  that  point,  then  the  elevations  of  other  points 
may  be  read  directly  from  the  altitude  scale.  This  means, 
however,  that  temperature  and  other  sources  of  error  are 
ignored,  and  only  approximate  results  can  be  expected.  A 
better  method  is  \o  use  the  scale  corresponding  to  inches  and 
correct  for  temperattire  as  follows: 

(a)  Method  of  procedure.    (1)  Take  the    barometer-reading 
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(in  inches)  at  the   first  station  or  bench-mark,  and  note  the 
temperature  of  the  atmosphere. 

(2)  Take  the  barometer-reading  and  note  the  temperature  at 
the  second  station. 

(3)  Find  from  Table  I  the  altitude  corresponding  to  each  of 
the  barometer-readings,  and  subtract  one  from  the  other,  the 
result  is  the  difference  in  altitude  of  the  two  stations  uncorrected 
for  temperature.* 

(4)  Add  the  two  temperatures  and  from  Table  II  find  the 
correction  coefficient  C  for  that  sum. 

(5)  Multiply  the  difference  obtained  in  (3)  by  (I+C),  giving 
to  C  its  proper  algebraic  sign  (—  if  t+f<100^  and  +  if  t-htf> 
100°).  The  result  is  the  approximate  difference  in  altitude  of 
the  two  stations. 

(6)  Suggeationa:  (1)  Notice  that  the  erroneous  assumption  in  regard  to 
the  average  temperature  of  the  air-column  (p.  246)  is  involved,  as  are  all 
the  other  sources  of  error  mentioned  on  p.  245.     (2)  Headings  for  altitude 

'  should  not  be  taken  just  before  or  after  or  during  a  storm.  (3)  The  shorter 
the  time  between  the  readings  at  two  different  stations  the  better.  (4)  At 
the  beginning  of  a  day^s  work  compare  the  barometer-reading  at  some 
station  with  the  reading  at  the  same  station  on  the  day  before,  and  thus 
get  an  approximate  correction  for  the  atmospheric  changes  if  any  have 
taken  place.     It  is  well  to  do  this  at  intervals  during  the  day,  as  the  pres- 

.  sure  at  a  given  point  may  change  very  much  in  a  short  time.  (5)  Hold 
the  barometer  in  the  same  position  when  reading  it,  always  vertical  or 
always  horizontal,  preferably  vertical.  (6)  The  barometer  is  apt  to 
**catch"  or  "hang'* — tap  it  gently  with  the  finger  before  reading  it. 
(7)  The  barometer  "drags,"  sometunes  registering  at  one  moment  the 
elevation  where  it  was  twenty  minutes  before.  Hence,  in  ascending  a 
hill  consecutive  readings  are  likely  to  be  too  low — in  descending  too  high. . 
This  dragging  is  a  most  common  source  of  error. 

(c)  Simultaneous  ohservationsj  i.e.,  taking  simultaneous  read- 
ings at  different  places  with  barometers  which  have  been  pre- 
viously compared.  The  aim  of  this  method  is  to  eliminate  as 
far  as  possible  error  due  to  changes  in  atmospheric  conditions 
during  the  time  which  elapses  between  the  observations  at  the 
first  and  second  stations.  One  barometer  is  kept  at  the  base 
or  starting-point,  and  it  is  assumed  that  whatever  change  is 
indicated  by  this  barometer,  as  read  at  intervals  previously 
agreed  upon,  should  also  be  allowed  for  in  reading  the  other 
barometer  read  at  the  same  intervals.  This  assumption  may 
or  may  not  be  true,  but  the  method  is  the  most  satisfactory 
one  which  the  engineer  can  use  when  stations  are  widely  sepa- 
rated, since  he  can  seldom  carry  on  a  long  series  of  observations 
at  any  one  station  to  determine  the  mean  reading. 

id,)  Extended  series  of  observations  are  usually  taken  with  mer- 
curial barometers  and  cover  long  periods  of  time.  The  mean 
readings  thus  obtained  often  give  excellent  results,  but  of  course 
the  method  cannot  be  used  to  any  extent  in  surveying. 

*  Tables  I  and  II  are  in  the  back  of  the  book. 
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(e;  Limits  of  error.  Errors  may  be  expected  in  barometric 
leveling  of  from  one  to  ten  per  cent,  though  many  instances  may 
be  cited  where  the  error  was  much  less  than  one  per  cent,  and 
sometimes  the  error  is  greater  than  ten  per  cent.  In  ordinary 
work  single  observations  taken  on  the  same  day  at  frequent 
intervals  will  vary  from  three  to  five  per  cent  from  results  ob- 
tained by  spirit-leveling.  If  temperature  is  ignored,  that  alone 
may  introduce  an  error  of  from  one  to  ten  per  cent.  (See 
correction  in  Table  II  for  t+t^  =  1S0°,)  By  comparing  barom- 
eters with  each  other  and  by  taking  other  similar  precautions 
the  errors  may  be  corrected  or  reduced.  In  the  ordinary  topo' 
graphic  surveying  where  bench-marks  have  been  estabhshed, 
the  best  method  is  to  start  at  one  bench-mark  and  close  as 
frequently  as  possible  on  other  bench-marks;  thus,  by  com- 
jMiring  with  the  elevations  obtained  by  spirit-leveling,  one  can 
get  the  general  run  of  errors  to  be  expected  in  the  use  of  the 
barometer  under  the  given  conditions. 


CHAPTER  XXII 
ERRORS  IN  LEVELING 

In  this  chapter  sources  of  errors  in  leveling  are  pointed  out.  the  relative 
importance  oi  errors  from  dififerent  sources  is  di^ussed,  and  methods  of 
correction  or  elimination  are  given.  Limits  of  error  are  suggested,  the 
precautions  which  are  necessary  in  accurate  leveling  are  outhned,  and  a 
method  of  procedure  embodying  these  precautions  is  given.  The  general 
discussion  oi  errors  in  Chapter  II  shoula  be  studied  before  b^inning  this 
chapter.  _^_____^ 

344.  Sources  of  Errors  In  Leveling.  (1)  Instrumental 
errors,  (a)  Errors  of  adjustments,  and  (6)  defects  in  the  con- 
struction of  non-adjustable  parts. 

(2)  Mistakes  in  manipulating  the  level  and  leveling-rod. 

(3)  Mistakes  in  reading  the  leveUng-rod. 

(4)  Errors  in  sighting. 

(5)  Errors  due  to  changes  in  the  position  of  the  level  or  rod. 

(6)  Errors  due  to  natural  sources. 

(7)  Mistakes  in  recording  and  computing. 

(8)  Personal  errors. 

345.  Instrumental  Errors,  (a)  Errors  due  to  imperfect  ad- 
ju^tment.  Errors  are  compenscUing;  they  are  practically  elimi- 
nated if  the  lengths  of  the  foresight  and  the  backsight  are  miade 
exactly  equal.  The  adjustments  of  the  level  (explained  in  Part 
III)  are  for  the  purpose  of  making  the  line  of  sight  generate  a 
horizontal  plane  of  sight  (p.  236)  when  the  level  is  properly  set  up. 
If  the  line  of  sight  is  not  parallel  to  the  bubble-axis  (the  prin- 
cipal error  of  adjustment),  it  will  generate  the  surface  of  a  cone 
the  axis  of  which  is  vertical,  and  hence  rods  held  equally  dis- 
tant from  the  instrument  will  be  intersected  at  the  same  level 
by  an  imaginary  base  of  the  cone,  and  the  error  due  to  the  fact 
that  the  line  of  sight  does  not  move  in  a  plane  is  eliminated. 

(p)  Sluggish  bubble.  If  the  bubble  is  sluggish  in  its  move- 
ment, an  error  may  result  from  the  bubble  coming  to  rest  in 
the  wrong  position,  even  though  it  may  creep  back  to  the  cor- 
rect position  while  the  sight  is  being  taken.  The  error  is  com- 
pensating and  partially  avoicjed  by  observing  the  bubble  after 
the  target  is  set  to  see  if  it  is  still  in  the  center  of  its  tube,  but 
such  a  bubble  is  a  constant  source  of  annoyance  and  delay. 

(c)  Error  in  the  movement  of  the  object-glass  slide.  Error  is 
compensating,  and  is  entirely  eliminated  by  making  the  back- 

268 


ERRORS  IN  LEVELING 


269 


mfjtii  and  foresight  equal,  since  in  that  ease  tiie  focus  is  not 
changed  and  hence  the  slide  is  not  moved. 

(d)  Error  in  rod-graduation.  Not  likely  to  be  appreciable  in 
ordinary  work  if  the  rod  is  graduated  by  a  reput^-ble  maker, 
but  every  new  rod  should  be  tested. 

(e)  Error  due  to  a  defective  joint.  An  e:!(tension-:rod  wit^  an 
abutting  joint  should  be  thoroufl^y  tested  at  frequent  intervals 
by  the  method  e?q>lained  on  page  232.  The  wear  and  tear  from 
letting  the  rod  down  "on  the  run"  and  from  other  sources  may 
seriously  affect  this  joint  (see  Remark,  p.  232),  and  failure 
to  test  the  rod  may  result  in  a  large  cumulative  error. 

346.  Mistakes  in  Manipulation,     (a)  The  level.    Mistakes 

in  setting  up,  imnecessary  clamping  of  the  spindle,  errors  in 

centering  the  bubble,  failure  to  watch  the  bubble,  resting  the 

hands  on  the  tripod  or  telescope.     (See  "An  experiment/*  p. 

227.)    Precautions  should  be  taken  to  keep  the  bubble  in  the 

center  of  its  tube.    If  it  moves  out  slightly,  bring  it  back  with 

the  leveling-screws.    Sometimes  in   work  of  great  precision 

minors  are  used  (Art.  349  (6),  p.  272),  or  a  bubble-tender 

brings  the  bubble  to  position  with  a  slight  pressure  of  the 

fingers  (p.  279). 

(&)  NcU.  The  levelm&n  should  knov  the  error  caused  by  a  displace- 
ment  of  the  bubble  judged  by  the  division-marks  on  the  glass  tube.  The 
value  of  a  single  division  varies  greatly  for  different  instruments,  but  it 


may  be  aeoertiuned  easily  for  a  given  tube.  

ocxnmonly  given  in  units  of  angular  measure,  and  in  18-in.  levels  it   is 


(See  Part  III.)     The  value  is 


usually  from  20*  to  30*;  in  some  levds  it  is  10*  or  even  less  (p.  277), 
wnile  in  others  it  will  be  found  to  exceed  60^'  or  1'.  Below  is  given  a  table 
which  shows  the  errors  in  feet  to  be  expected  with  instruments  of  different 
eensitiveness  and  for  sights  of  different  lengths.  "  D"  in  the  table  stands 
for  one  division  on  the  tube. 

Ebkobs  in  Fbbt  Cobbbspondino  to  Different  Dibpl^cbmbnts  of  the 
Bubble 
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(c)  The  leveling-rod  held  so  that  it  leans  towards  or  away  from 
the  instrument  will  make  a  reading  too  large.  Error  is  com- 
pensating on  turning-points.  (Why?)  Avoided  by  swaying  the 
rod  slowly  backward  and  forward  after  the  target  is  set.  If 
the  target  center  does  not  move  above  the  line  of  sight,  and  coin- 
cides in  its  highest  position  with  the  horizontal  cross-hair,  the 
target  was  set  when  the  rod  was  vertical.  (Why?)  Otherwise 
it  must  be  reset.  (Satisfy  yourself,  by  trial,  of  the  importance 
of  holding  the  rod  plumb.) 

Qttettion.  Why  is  the  error  not  compensating  when  leveling  entirely  up 
hill  or  downhill? 

Remark.  For  any  reading  less  than  2  ft.  it  is  probably  more  accurate 
to  have  the  rodman  plumb  the  rod  rather  than  wave  it,  for  the  graduated 
face  may  be  raised  when  the  rod  is  inclined  away  from  the  instrument, 
since  the  face  is  not  directly  over  the  point  of  support.  This  errpr  is  in- 
appreciable for  large  rod  readings.     (See  Eng.  News,  VoL  II,  pi  35,  1906.) 

A  better  way  to  make  sure  that  the  leveling-rod  is  held  plumb 
is  to  attach  a  plumb-line  or,  better  still  to  use  a  special  attach- 
ment devised  for.  that  purpose.  Some  rods  are  furnished  with 
angle-targets  ia  which  the  right-hand  half  of  the  target  is 
at  right  angles^  the  left-hand  half;  the  horizontal  dividing- 
line  is  carried  over  these  two  surfaces  and  appears  as  a  con- 
tinuous and  imbroken  line  only  when  the  rod  is  vertical. 

(d)  Allowing  dirt  or  grit  to  a^ccumulate  on  the  base  of  the  rod 
or  in  either  abutting  joint  is  another  source  of  error.  (On 
what  part  of  the  rod  would  readings  be  affected  by  dirt  in  the 
joint?) 

347.  Mistakes  in  Reading  the  Rod  are  illustrated  on  pages 
229  and  231.  The  common  mistake  of  dropping  a  zero  from 
the  reading  may  be  avoided  by  considering  as  "danger-points" 
the  first  tenth  of  each  foot,  and  on  rods  more  finely  graduated 
the  first  subdivision  of  each  tenth  of  a  foot  (jj^y  ft.).  Every 
rodman  is  likely  to  have  his  own  "danger-points"  which  he 
will  do  well  to  keep  in  mind  and  to  guard  against  by  extra 
care  when  a  reading  is  near  one  of  them. 

348.  Errors  in  Sighting. 

(a)  The  difficulty  of  telling  when  the  cross-hair  exactly  coincides 
wUh  the  center  of  the  target  leads  to  an  error  which  is  hard  to 
avoid;  it  is,  however,  compensating.  The  coarseness  of  the 
cross-hair,  the  form  of  the  target,  and  the  eyesight  of  the  level- 
man,  all  have  to  do  with  such  an  error.  It  may  help  the  level- 
man  after  looking  steadily  at  a  target  until  he  thinks  it  is  in 
a  correct  position;  to  dose  the  eye  momentarily  and  then  look 
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again  before  giving  the  signal  to  clamp.  He  should  see  to  it 
also  that  the  horizontal  cross-hair  of  the  level  is  kept  truly  hori- 
zontal.    (See  adjustments  of  the  level.) 

Sights  should  be  neither  too  long  nor  too  short  (from  100  to 
300  ft.,  see  p.  251.) 

A  common  blunder  is  to  mistake  one  of  the  stadia  wires  for 
the  horizontal  hair. 

Experiment.  The  following  experiment  was  tried  to  ascertain  the 
probaUe  error  of  setting  a  target  at  different  distances.  A  level  was  set 
up  with  two  leveling-screws  in  the  line  of  sight.  An  instructor  held  an 
umbrella  over  the  instrument  and  kept  the  bubble  in  the  center  of  its  tube, 
wnile  ei^teen  students  who  had  used  the  level  just  enough  to  become 
accustomed  to  its  use,  set  the  target,  each  in  turn,  at  three  different  dis- 
tances, the  instructor  reading  the  rod  for  all  settings.  The  probable  errors 
for  a  sinj^e  observation  were  as  follows: 


Conditions 

Instrument 

Length  of  sights 
100                200                300 

Sun  shining, 
Level  in  the  shade, 
Au  slightly  boiling  at 
200  and  300  ft.. 

Level  No.  1 
..       ..    2 

..      ..    3 

0.00196        0.00196        0.00370 
0.00147         0.00229         0.00327 

0.00130        0.00157        0.00213 

Levels  No.  1  and  No.  2  were  18"  wye-levels.  If"  objective,  magnifying 
power  about  35  diameters.  Level  No.  3  was  a  15"  Wye-level,  li"  objec- 
tive, magxiifsdng  power  about  30  diameters.  The  restttts  for  levels  1  and 
2  were  obtainedrby  one  group  of  students;  the  results  for  levd  3  were  ob- 
tained by  another  group  of  the  same  number  of  men  (18).  The  above 
results  indicate  that,  for  beginners  at  least,  under  favorable  conditions  the 
chances  are  even  that  the  error  of  sighting  and  of  setting  the  target  will 
not  exceed,  say,  0.002  ft.  for  a  100-ft.  sight,  0.0023  for  200  ft.,  and  0.0037 
for  300  ft. 

The  error  of  reading  a  rod  directly  without  the  use  of  a  target  is  not  as 
great  as  is  commonly  supposed.  From  a  large  number  of  readings  taken 
by  a  class  of  over  100  beginners,  using  "speaking"  rods  of  various  styles 
mth  graduations  more  or  less  dim,  the  probable  errors  for  a  single  obseiv 
vation  at  different  distances  were  found  to  be  (in  feet): 

Length  of  sight  50  100  150  200  250  300 

Probable  error  0.0024    0.0035    0.0038    0.0048    0.0062     0.0065 

Comparing  these  results  obtained  under  unfavorable  conditions  with  those 
above  obtained  under  favorable  conditions,  it  is  seen  that  target  readings 
are  but  slightly  more  accurate  than  direct  readings.  Under  certain  con- 
ditions they  have  been  found  to  be  less  accurate. 

349.  Errors  Due  to  Changes  in  Position  of  the  Level  or 
the  Rod. 

(o)  Settling  of  the  instrument  between  the  backsight  on  one 
tummg-point  and  the  foresight  on  the  next.  Cumulative, 
tending  to  make  all  elevations  too  high  because  the  foresight 
is  shortened,  and  the  calculated  elevation  of  the  second  turn- 
ing-point will  therefore  be  too  high.  Avoided  by  setting  up 
the  instrument  solidly  on  firm  ground,  and  taking  the  foresight 
on  the  second  turning-point  immediately  after  backsighting  on 
the  first.    For  this  reason  two  rods  and  two  rodmen  are  some- 
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times  used  (p.  277).  Rerutming  in  the  opposite  direction  tends 
to  eliminate  this  error  also.  On  warm  winter  days  when  the 
ground  is  thawing  the  error  due  to  settling  may  be  very  large. 

(6)  The  level  disturbed  or  jarred  by  passing  trains,  teams,  or 
by  the  levelman  walking  around  it.  Error  most  likely  to  occur 
on  loose  soil,  or  on  a  smooth  surface  where  the  tripod-shoes  do 
not  catch.  On  some  instruments  mirrors  are  placed  so  that 
the  levelman  can  watch  the  bubble  without  leaving  his  posi- 
tion behind  the  instrument,  and  in  precise  leveling  he  can  ob- 
serve the  cross-hair  and  the  bubble  at  the  same  time.  As  a  pre- 
caution in  ordinary  work,  set  two  legs  of  the  tripod  in  a  line 
parallel  to  the  general  direction  of  the  stations,  and  see  that  all 
three  legs  are  reasonably  firm  before  leveling  up. 

(c)  Settling  of  a  turning-point  between  the  foresight  and  the 
backsight  on  it.  Cumulative,  tending  to  make  elevations  too 
high  because  the  backsight  reading  will  be  increased,  thus  in- 
creasing the  calculated  height  of  instrument.  Easily  avoided 
by  choosing  proper  turning-points.  (See  p.  252.)  Rerunning 
in  the  opposite  direction  tends  to  eliminate  this  error. 
350.  Errors  Due  to  Natural  Sources, 
(a)  Changes  in  the  instrument  due  to  the  effect  of  sun  and  wind. 
The  sun  shining  on  a  level  may  cause  its  parts  to  expand  un- 
equally. For  example,  in  running  towards  the  sun  the  front 
wye  will  expand,  making  the  foresight  too  high,  hence  the  ele- 
vation will  be  too  low.  On  backsighting  the  other  wye  will 
expand,  making  the  backsight  too  small,  hence  the  height  of 
instrument  too  low.  The  error  is  therefore  apt  to  be  cumula- 
tive, making  all  elevations  too  low.  Again,  if  the  sun  heat<R 
one  end  of  a  bubble-tube  more  than  the  other  the  bubble  yrill 
move  towards  the  heated  end.  (Try  breathing  on  one  end  of  a 
tube  which  is  level,  or  warm  one  end  by  holding  the  fingers  on 
it,  watching  the  bubble  to  see  if  it  is  drawn  over.)  Errors  due 
to  the  sun  may  be  avoided  by  shading  the  instrument  with  an 
umbrella,  or  working  on  a  cloudy  day.  The  effect  of  wind  and 
heated  air-currents  is  to  make  the  target  seem  to  tremble  or 
dance,  and  often  renders  accurate  work  out  of  the  question. 
In  precise  leveling  a  tent  is  sometimes  used  to  shelter  the  level 
from  both  sun  and  wind.  The  least  wind  is  usually  at  day- 
break, a  time  when  the  atmosphere  is  also  in  the  best  condition 
for  long  sights. 
(6)  Change  of  length  of  level-rod  from  variations  in  tempera- 
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ture.  Inappreciable  in  ordinary  work,  but  in  more  precise 
leveling  it  is  quite  possible  that  errors  from  this  source  may 
exceed  the  errors  arising  from  the  leveling  itself.* 

(c)  Errors  from  curvcUure  and  refraction.  (1)  Curvature.  The 
difference  between  a  horizontal  line  of  sight  and  a  level  line  is 
about  8  in.  per  mile^  and  varies  as  the  square  of  the  distance, 
i.e.,  the  curvature  of  a  level  surface  is  0.66725  ft.  multiplied  by 
the  square  of  the  distance  in  miles,  (See  foot  note  p.  2.)  The 
effect  of  curvature  is  to  increase  the  rod-reading. 

(2)  Refraction,  The  effect  of  refraction  is  the  same  as  if  the 
line  of  sight  were  curved  downward,  or  concave  towards  the 
earth's  surface,  and  hence  the  rod  reading  is  decreased.  The 
curve  is  irregular  because  of  varying  atmospheric  conditions, 
but  for  average  conditions  it  is  assumed  to  have  a  diameter 
about  seven  times  that  of  the  earth.     The  correction  for  refrac- 

mean  value  of  the  coefficient  of  refraction. 

(3)  Combined  curvature  and  refracHon.  The  effect  of  refrac- 
tion is  to  reduce  the  correction  for  curvature.  The  following 
table  gives  approximate  values  for  the  correction  for  combined 
curvature  and  refraction. 

The  distance  D  and  the  correction  c  are  both  in  feet  except 
in  the  last  column,  where  the  distance  is  given  in  miles. 

Correction  for  Combined  Curvature  and  Refraction  t 
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t  From  Johnson's  Surveying,  p.  597. 

An  empirical  formula  giving  approximate  results  is:  Curva- 
ture and  refraction,  in  feet  =  0.574  (distance  in  miles)'. 

The  error  due  to  curvature  and  refraction  may  be  eliminated 
by  making  the  backsight  and  foresight  equal  for  each  set-up. 

*  Wrigbt'a  Adjuttment  of  Obaervationt  p.  372. 


274  ERRORS  IN  LEVELING 

351.  Mistakes  in  Recording  and  Computing,     (a)  MU* 

takes  in  recording  will  sometimes  vitiate  the  otherwise  careful 
field  work  of  a  whole  day.  Entering  the  reading  with  figures 
interchanged,  as  3.45  instead  of  3.54,  entering  backsights  and 
foresights  in  the  wrong  columns,  or  neglecting  to  enter  a  back- 
sight at  all,  are  some  of  the  mistakes  which  may  be  avoided, 
especially  in  class- work,  if  the  rodman  and  the  levelman  will 
each  keep  an  independent  set  of  notes. 

(b)  Errors  in  comjmting  can  usually  be  discovered  by  the 
check  given  on  p.  242. 

352.  Personal  Errors.  The  personal  equation.  Errors  which 
arise  from  causes  peculiar  to  the  individual  are  not  easily  avoided. 
They  may  not  amount  to  much  in  ordinary  work,  but  they  are 
taken  into  account  in  precise  leveling,  especially  in  comparing 
results.  A  man  may  habitually  read  the  rod  too  high  or  too 
low,  or  he  may  manipulate  the  level  in  some  peculiar  manner 
so  that  slight  errors  of  the  same  sign  (cumulative)  occur.  Run- 
ning levels  in  opposite  directions,  the  rodman  and  the  levelman 
changing  places  before  going  over  the  ground  a  second  time,  or, 
in  running  a  single  line  of  levels,  changing  places  at  every  other 
set-up,  helps  to  eliminate  errors  of  this  kind. 

353.  Elimination  of  Errors, — Recapitulation,  (a)  Mis- 
takes. Keep  in  mind  the  "danger-points"  in  reading  the  rod 
(Art.  347,  p.  270).  Mistakes  in  reading  the  rod  and  in  record- 
ing the  readings  are  best  avoided  by  having  two  men  keep 
independent  notes,  reading  the  rod  independently,  and  com- 
paring notes  after  both  have  read  the  rod.  The  levelman  should 
avoid  mistaking  a  stadia-wire  for  the  middle  horizontal  cross- 
hair. 

(6)  Constant  errors.  By  making  backsight  and  foresight 
equal  for  each  set-up  several  constant  errors  are  eliminated, 
such,  for  example,  as  instrumental  errors  and  the  error  due  to 
curvature  and  refraction.  The  level,  however,  should  be  fre- 
quently tested  for  adjustment.  When  it  is  impossible  to  make 
backsight  and  foresight  equal  reciprocal  leveling  may  be  em- 
ployed (p.  243).  Rerunning  a  line  in  the  opposite  direction 
tends  to  eliminate  certain  other  constant  errors.  The  error  due 
to  the  settling  of  the  turning-point  or  to  holding  the  rod  on 
slightly  different  points  for  foresight  and  backsight  should  be 
avoided — ^it  is  usually  inexcusable;  in  many  oases  steel  turn- 
ing-points ar^  used  to  eliminate  such  errors.    The  error  due  to 
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dettlement  of  the  instrument  is  reduced  by  taking  the  foresight 
as  soon  as  possible  after  the  backsight,  and  in  precise  leveling 
two  rodmen  are  used  for  this  purpose.  The  error  due  to  the 
bubble  being  out  of  center  is  avoided  by  instinctively  glancing 
at  the  bubble  just  before  and  after  sighting,  by  the  use  of 
mirrors  on  levels  of  precision,  and  sometimes  by  employing  a 
bubble-tender.  Errors  due  to  the  sun  shining  on  the  instru- 
ment are  avoided  by  shading  the  level  or  working  on  a  cloudy 
day.  The  error  due  to  the  boiling  of  the  atmosphere  is  avoided 
by  suspending  work  during  midday  hours.  Rod  errors  are 
avoided  by  testing  the  rod  graduations,  by  keeping  the  base 
of  the  rod  and  the  abutting  joints  free  from  dirt  and  grit,  by 
examining  the  setting  of  the  target  as  well  as  the  vernier  read- 
ing for  an  extended  rod,  and  when  the  rod  is  closed  by  exam- 
ining the  vernier  reading  to  see  that  it  reads  6.5  ft.  or  7.0  ft.. 
not  depending  upon  the  abutting  end  to  bring  it  back  to  place. 
These  last  errors  are  eliminated  altogether  by  using  a  ''one- 
pieoe''  rod — ^many  surveyors  will  use  no  other  in  important 
work.  The  error  due  to  not  plumbing  the  rod  is  avoided  by 
waving  the  rod,  and  in  precise  work  by  using  an  attachment 
devised  for  that  purpose.  For  an  illustration  of  leveling  in 
which  many  of  the  foregoing  precautions  were  adopted  see 
page  277. 

(c)  Accidental  errors,  such  as  small  errors  in  sighting  and 
errors  resulting  from  small  disturbances  of  the  instrument,  can 
be  reduced  only  by  adjusting  independent  or  related  observa- 
tions. 

354.  Customary  Limits  of  Error.  Probably  in  no  branch 
of  surveying  does  the  law  of  accidental  errors  (that  the  total 
error  will  vary  as  the  square  root  of  the  number  of  observa- 
tions (Art.  71,  p.  45))  accord  more  closely  with  experience  than 
in  leveling.  This  is  because  constant  errors  are  more  easily 
eliminated  and  hence  accidental  errors  are  likely  to  predomi- 
nate, even  in  ordinary  work.  There  are  two  ways  in  which  the 
precision  of  leveling  may  be  judged.  (1)  By  comparing  the 
two  elevations  of  the  same  point  as  found  from  independent 
lines  of  leveling, — ^the  difference  is  not  an  error  but  a  discrep- 
ancy. (2)  By  the  difference  between  the  assumed  elevation  of 
some  starting-point  and  the  elevation  found  by  completing  a 
circuit,  i.e.,  returning  to  the  same  starting-point.  This  is  a 
tnte  enoFf  called  the  closing  error  of  leveling. 
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In  either  case  the  total  error  of  a  line  of  levels  may  be  01&- 
pected  to  vary  about  as  the  square  root  of  the  number  of  set- 
ups. When,  however,  the  number  of  set-ups  per  mile  ia  prac- 
tically constant  it  is  more  convenient  to  express  the  error  in 
terms  of  the  distance;   thus. 

Error  in  Feet  —  ConstantVDistance  in  Miles,  ot  E^  C\/M, 

The  value  of  C  will  depend,  of  course,  upon  the  purpose  of 
the  work,  the  period  of  time  in  which  it  must  be  done,  the  ex- 
pense warranted,  and  other  local  conditions.  There  seems  to 
be,  however,  a  more  general  agreement  as  to  the  allowable  error 
in  leveling  than  there  is  in  regard  to  limits  of  error  for  chaining 
or  for  angular  measurements.  The  most  common  value  for  C 
is  0.05.  This  is  for  ordinary  work  where  reasonable  precau- 
tions have  been  taken  to  eliminate  constant  errors,  and  where 
speed  will  average,  say,  two  or  three  miles  per  day,  or  where 
a  single  instrument  duplicates  from  I  to  1 J  miles  per  day.  This 
is  the  coefficient  adopted  by  the  officers  of  the  U.  S.  Geological 
Survey  "after  careful  consideration  of  the  needs  of  the  work 
and  of  the  standards  set  by  other  organizations."  In  precise 
leveling  a  good  average  value  for  C  is  0.02,  and  0.02  ft.  \/M  is 
practically  the  limit  adopted  by  the  U.  S.  Geodetic  and  Coast 
Survey  and  the  Mississippi  River  Commission.  Under  favor- 
able conditions  the  error  may  be  kept  within  this  limit  working 
with  a  good  wye-level,  but  it  will  be  necessary  to  adopt  a  method 
of  procedure  somewhat  similar  to  that  used  in  precise  levehng. 
(See  p.  277  for  an  illustration  of  the  precautions  taken  to  attain 
a  degree  of  precision  of  0.02\/M  or  better).  The  maximum 
permissible  error  for  leveling  in  the  Chicago  Sanitary  District 
was  about  0.012  UVM. 

Note,  In  an  example  of  railway  location  the  disorepanciea  between  rie- 
vations  obtained  in  the  preliminary  location  and  those  obtained  in  the 
final  location  are  given  for  a  number  of  stations  at  varying  distaneos  apart 
throughout  about  70  miles  of  '*66  feet  country."  *  The  average  difference 
between  the  divergence  at  one  point  and  that  at  another  is  stated  as  0.028 
per  100  stations.  This,  however,  is  misleading  as  the  total  discrepanoy  at 
any_one  station,  found  from  the  values  given,  if  substituted  for  B  mlB^ 
C^M,  gives  in  some  cjwea  a  value  as  high  as  0.17  for  C  with  perhaps  an 
average  value  of  about  0.12. 

The  character  of  the  ground  affects  the  precision  of  leveling. 
For  example,  the  degree  of  precision  attained  in  precise  level- 
ing in  India  and  also  in  Switzerland  varied  from  about  0.013 

*  Beahan's  Railway  Locatiorit  p.  106. 
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ft.  for  nealy  level  ground  to  about  0.033  ft.  for  gradients  en* 
tirely  between  1  in  20  and  1  in  10,  the  quantity  in  each  case 
being  the  average  discrepancy  per  mile  between  two  observers.* 

Beyond  a  certain  limit  a  small  increase  in  precision  requires 
a  large  increase  of  effort,  and  the  difference  in  precision  between 
ordinary  leveling  and  precise  leveling  is  not  at  all  in  propor- 
tion to  the  difference  in  the  skill  and  care  required. 

The  following  table,  computed  from  the  formula  E=Cs/M, 
gives  the  permissible  error  in  feet  for  different  distances  in  miles 
for  different  coefficients  of  precision. 

PKKMiaSIBLIS  EbRORS  IK  LSYBLINO  FOR  DIFFERENT  COEFFICIENTS  AND 

Different  Distances 


Maes. 

0.05 

0.04 

0.03 

0.02 

0.01 

0.5 

0.036 

0.028 

0.021 

0.014 

0.007 

1 

.050 

.040 

.030 

.023 

.010 

2 

.070 

.056 

.042 

.028 

.014 

3 

.086 

.069 

.052 

.035 

.017 

4 

.100 

.080 

.060 

.040 

.020 

5 

.112 

.089 

.067 

.045 

.022 

6 

.122 

.098 

.073 

.049 

.024 

7 

.132 

.106 

.079 

.053 

.026 

8 

.141 

.113 

.085 

.057 

.028 

9 

.150 

.120 

.090 

.060 

.030 

10 

.158 

.126 

.095 

.063 

.032 

15 

.194 

.155 

.116 

.077 

.039 

20 

.224 

.179 

.134 

.089 

.045 

Illustration  of  the  use  of  the  table.  What  discrepancy  between  two  lines 
<A  levds  is  permissible  at  the  end  of  four  miles  if  0.05  is  the  adopted  value 
of  C7  Answer  0.1  ft.  What  is  the  permissible  error  of  cloaure  of  a  cir- 
euit  6  mfles  long  if  0.02  is  the  value  adopted  for  CI     Answer  0.040  ft 

355.  Instructions  for  Accurate  Leveling.  The  following 
instructions  and  method  of  procedure  were  taken  from  the 
report  on  spirit-leveling  along  the  line  of  the  Barge  and  Canal 
Survey,  by  the  state  engineer  and  surveyor  of  New  York.  A 
wye-level  was  used  of  16i"  focal  length;  clear  objective  aper- 
ture of  li  in.;  magnifying  power  35  diameters;  value  of  one 
division  on  the  bubble-tube  7.04  seconds. 

The  instructions  embody  most  of  the  precautions  already 
giv^i  for  eliminating  errors,  and  they  indicate  the  care  re- 
quired to  attain  a  degree  of  precision  of  0.02  Vm  or  better. 

iNSTRtJCnONS    POH    LeVELINO 

(1)  All  lines  forward  and  backward  shall  be  run  with  two  rodmen. 

(2)  E^h  rodman  shall  keep  separate  notes  of  rod-readings  on  all  turn- 
ing-points and  benchHoaarks  he  holds  on,  and  compute  the  elevations  of 


*  See  Baker's  Surveytng  Instruments,  p.  283. 
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the  same  when  furnished  with  the  height  of  instrument  by  the  recorder. 
Each  rodman,  when  he  receives  the  signal  *  *all  right "  from  the  instrument 
man,  shall  at  once  read  the  rod  and  record  the  reading  in  the  book  pro- 
vided. The  recorder  shall  always  read  the  rod  after  the  rodman,  make  the 
necessary  calculations,  and  compare  the  results  with  the  rodman.  If  the 
results  differ,  each  shall  a^in  read. the  rod  before  comparing  results,  and 
if  the  readings  of  the  rod  differ,  another  setting  of  the  target  shall  be  made 
by  the  instrument  man. 

(3)  Work  must  not  be  attempted  during  high  wind  or  when  the  air  is 
"boiling"  badly.  During  very  hot  weather  an  effort  should  be  made  to 
begin  Work  very  early  and  remain  out  late,  rather  than  to  work  during 
midday 

(4)  Foresights  and  backsights  should  be  of  equal  length,  and  no  sights 
aver  300  ft.  shall  be  taken  imless  unavoidable  circumstances  necessitate 
the  same,  as  in  the  case  of  crossing  rivers  or  deep  ravines.  In  such  cases 
extra  precautions  must  be  taken,  and  the  average  of  repeated  reading  at 
changed  positions  of  rod  and  instrument  taken.* 

(5)  If  itf  be  impracticable  to  take  equal  foresights  and  backsights,  as  soon 
as  the  steep  slope  or  river  crossing  is  passed,  enough  unequal  sights  shall 
be  taken  to  make  each  set  balance. 

(6)  Distance  along  railroads  may  be  taken  by  counting  raiLs;  at  other 
times  stadia  or  pacing  may  be  used. 

(7)  The  instrument  must  always  be  leveled  exactly  before  setting  the 
target.  After  setting  it  and  before  giving  the  signal  "all  right,"  the  bub- 
ble must  be  examined.  One  rod.  No.  1  or  No.  2,  should  always  be  read 
first,  so  that  one  rod  is  used  as  foresight  first  at  one  set-up  and  as  backsight 
first  at  the  next  set-up.  The  bubble-tender  shall  always  stand  on  the 
same  side  of  the  level-tube  when  the  reading  is  made,  moving  around  the 
tripod  as  the  level-tube  is  reversed. 

(8)  The  level  must  be  examined  daily  or  oftener,  if  necessary,  for  ad- 
justment, the  especially  important  adjustments  being  the  line  of  coUima- 
tion  and  the  level-bubble. 

(9)  The  steel  pegs  as  furnished  must  be  used  as  turning-points  in  all 
cases.  These  shall  be  driven  firmly  in  the  ground,  and  the  backsight  peg 
shall  not  be  removed  until  the  foresight  reading  is  completed,  and  the 
recover  and  rodman  have  compared  results  on  the  backsight. 

nO)  Plumbing-levels  must  always  be  used  and  kept  in  adjustment. 

(li)  Bench-marks  or  turning-points  left  at  the  termination  of  work  at 
night,  or  for  rain  or  other  causes,  must  be  selected  with  great  care,  and 
located  in  such  a  manner  that  there  will  be  no  danger  of  their  being  dis- 
turbed or  tampered  with  in  order  that  the  rod  may  again  be  held  on  the 
exact  spot. 

(12)  Permanent  bench-marks  shall  be  clearly  described,  not  only  with 
reference  to  the  nearest  base-line  station,  but  also  to  existing  and  easily 
identified  features  of  the  ground.  \  sketch  shall  be  made  showing  the 
bench-mark  and  the  reference-marks  referred  to. 

(13)  All  circuit  closures  or  checks  by  duplicate  lines  shall  be  distinctly 
noted,  and  a  reference  made  to  check  levels. 

Duplicate  lines  of  levels  shall  be  run  forward  and  backward,  and  the 
error  of  closure  of  the  two  runnings  shall  fall  within 

.020  ft.  "^distance  in  miles  between  benches, f 

or  the  lines  shall  be  re-run. 

Bench-marks  shall  be  established  at  intervals  of  one-half  to  one  mile. 

On  the  Chamolain  Canal  a  single  line  shall  be  run  from  the  Erie  Canal 
to  Whitehall.  The  error  of  closure  with  the  U.  S.  D.  W.  shall  fall  within 
.050  ft.  ^/distance  in  miles  between  the  benches  or  the  lines  shall  be  re- 
run.J 

The  number  of  men  in  each  party  shall  consist  of  five, — an  instrument 

•  See  p.  243  for  reciprocal  leveling. 

t  After  the  levels  had  been  run  from  Albany  to  Herkimer,  the  results 
were  so  good  that  the  lunit  of  error  was  reduced  to 

.01  G'v  distance  in  miles  between  benches. 

X  See  p.  276  for  the  explanation  of  this  formula. 
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man,  a  recorder,  two  rodmen,  and  an  umbrella  man.  The  instrument 
must  always  be  shaded  from  the  sun,  both  during  the  set-ups  and  in  moving 
frcnn  point  to  point. 

PROCBDnRB   OF  WORK  , 

Starting  from  a  bench  or  tuming-p<nnt,  the  instrument  man  paced  along 
the  towpath  from  200  to  250  ft.,  and  set  up  the  level,  protecting  it  by  the 
umbrella  or  wind-shield  as  occasion  required. 

Rodman  No.  1  remained  at  the  bench,  and  rodman  No.  2,  starting  at 
the  same  bench,  paced  to  and  beyond  the  instrument  till  he  reached  a 
point  as  many  paces  beyond  the  instrument  as  the  instrument  was  from 
rod  No.  1,  at  which  point  he  drove  th6  steel  pin. 

Having  carefully  leveled  the  instnmient,  the  leveler  set  the  target  on  rod 
No.  1  as  a  backsight,  and  then,  avoiding  both  haste  and  delay,  turned  the 
telescope  to  rod  No.  2,  and  set  the  target  as  a  foresight.  The  bubble-tender 
kept  the  bubble  constantly  in  the  middle  of  the  tube  by  slight  pressure  of 
the  fingers  on  the  leveling-plate  of  the  instrument.  To  balance  errors  due 
to  defective  vision  of  the  bubble-tender,  or  differences  in  the  light  on  the 
bubble,  the  bubble-tender  moved  around  the  tripod  when  the  telescope 
was  turned. 

The  recorder  remained  with  rodman  No.  1  until  both  he  and  the  rod- 
man  had  read,  recorded,  and  checked  the  rod-reading,  when  he  walked 
rapidly  to  rod  No.  2.  checking  the  paced  distances  on  the  way.  The  re- 
corder then  read,  recorded,  and  checked  the  reading  of  target  No.  2,  and 
signaled  "All  right"  to  tb«  instrument  man,  who  repeated  the  signal  to 
rodman  No.  1,  when  they  both  moved  forward.  Rodman  No.  1,  going 
to  rod  No.  2,  read,  recorded,  computed,  and  compared  results  with  rod- 
man  No.  2  and  the  recorder,  the  leveler  having  at  the  same  time  paced  up 
to  point  No.  2  to  check  the  pacing,  and  then  paced  past  point  No.  2  the 
proper  distance  and  set-up  the  instrument.  Rodman  No.  1  paced  up  to 
the  instrimnent  from  point  No.  2,  and  then  an  equal  distance  beyond  it, 
and  drove  steel  pin  and  set  target.  Thus  this  alternation  occurred:  On 
first  set-up  rod  No  1  on  backsight  is  set  first,  and  rod  No.  2  on  foresight  is 
set  last;  on  second  set-up  rod  No.  1  on  foresight  is  set  first,  and  rod  No.  2 
en  backsight  is  6et  last. 


CHAPTER  XXIII 

LEVELING— SPECIAL  WORK 

This  chapter  deals  with  methods  of  giving  grade-points  for  curbs,  pave- 
ments, sewers,  and  roads;  of  setting  stakes  for  grading  land  areas;  of 
field  work  for  estimating  cut  and  fill  in  ordinary  grading;  and  of  givina 
grade-points  for  vertical  curves.  The  typical  cases  of  special  work  selected 
for  this  chapter  will  suggest  methods  to  be  followed  in  any  work  of  a  simi- 
lar nature  that  is  likely  to  arise  in  the  experience  of  the  young  engineer. 
The  article  on  Setting  Grade-atakea,  p.  258,  should  be  studied  in  connection 
with  this  chapter.  

356.  To  Determine  the  Profile  of  a  Street.  Mark  points 
on  the  curbs,  or  drive  stakes,  at  regular  intervals,  close  together 
where  the  grade  is  changing  rapidly,  farther  apart  where  the 
grade  is  uniform,  and  treat  these  points  thus  marked  as  inter- 
mediate stations.  Sometimes  a  profile  of  the  center-line  of  the 
street  is  all  that  is  wanted,  but  often  in  addition  the  profiles 
of  curb-Unes  and  street-lines  are  also  required.  Elevations 
should  be  taken  at  all  street-comers,  catch-basin  covers, 
bridges,  and  other  points  which  should  appear  upon  the  pro- 
file; also  at  any  abrupt  change  in  the  surface  of  the  ground 
and  at  the  top  and  bottom  of  all  slopes. 

Practical  suggestions.  (1)  Measurements  between  points  may  be  taken 
with  a  tape  or  with  the  stadia;  sometimes  in  rough  work  they  may  be 
paced.  (2)  Bench-marks  should  be  established  at  intervals  of  several 
hundred  feet,  and  at  other  points  where  they  might  prove  useful  (see  p. 
253).  (3)  Usually  the  best  method  is  to  nimiber  points  as  described  on 
p.  254.  Enough  stakes  or  points  on  the  curb  should  have  numbers  actually 
marked  on  them  to  render  unlikely  any  confusion  or  omission  of  points. 
(4)  Don't  split  hairs, — read  the  rod  on  intermediate  points  without  using 
the  target;  often  the  nearest  tenth  will  do.  Why  read  to  hundredths 
when  the  rod  is  resting  on  uneven  or  loose  soil? 

357.  To  Set  Stakes  on  a  Grade  between  Two  Fixed 
Points,  (o)  The  most  general  case  is  when  the  stakes  are  at 
unequal  intervals,  and  when  the  ground  is  too  uneven  to  per- 
mit the  use  of  the  "shoo ting-in"  method.  The  grade  will  be 
the  hypothenuse  of  a  right-angled  triangle,  the  base  of  which 
is  the  horizontal  distance  between  the  two  fixed  points;  the 
difference  in  their  elevations  will  be  the  altitude.  By  similar 
triangles  the  elevation  of  any  point  on  the  grade  will  then  be 
proportional  to  the  distance  of  that  point  from  one  of  the 
fixed  points.  The  elevations  of  the  points  having  been  cal- 
culated, the  stakes  may  be  set  as  explained  in  Art.  334,  p.  258. 
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(b)  lUuBiration.  The  elevations  of  two  fixed  points  A  and  B,  360  ft. 
apart,  are  respectively  226.42  ft.  and  283.12  ft.  The  finished  grade  is  a 
uniform  slope  between  the  two  points.  It  is  required  to  set  stakes  40  ft., 
120  ft.,  and  300  ft.  from  A,  The  difference  in  elevation  is  6.7  ft.  Hence 
40 

^X 6.7  ft.  =  0.74,  and 0.74 +  226.42  =  227. 16 ft.  «=  elevation  at  40ft.  from -4. 

In  the  same  way  2.23 +  226.42 =228.65=' elevation  at  .4  +  120,  and  5.58  + 
226.42— 282 « elevation  at  vl+800.  As  a  check  the  difference  in  eleva- 
tion for  the  remaining  60  ft.  is  iX 6.7 «=  1.12,  and  232.0+1.12=233.12, 
whieh  agrees  with  the  elevation  of  B. 

(c)  Practical  auggetiicms.  (1)  See  p.  259  for  su((ge8tions  for  setting 
stakes.  (2)  When  practicable,  set  stakes  at  equal  intervals  so  that  the 
difference  between  successive  grade-rods  will  be  a  constant,  [See  Art. 
358  (a).l 

(d)  To  shoot  in  a  grade  between  two  fixed  points.  If  the  two 
points  are  not  already  established,  drive  a  stake  to  grade  at 
each  point  by  the  grade-rod  method.  The  next  step  is  to 
establish  a  line  of  sight  at  a  known  distance  above  grade  and 
parallel  to  grade.  Either  the  transit  or  the  level  may  be  used. 
If  the  level  is  used  it  is  best  to  set  it  up  with  one  pair  of  level- 
ing-screws  in  line  with  the  two  given  points,  so  that  these 
screws  can  be  used  for  inclining  the  telescope.  Method  of 
procedure:  (1)  Set  up  near  one  stake,  a  foot  or  so  behind  it. 
(2)  Hold  the  rod  on  the  stake  and  set  the  target  at  the  height 
of  the  center  of  the  object-glass.  (3)  Hold  the  rod  on  the 
second  stake;  incUne  the  telescope  until  the  horizontal  hair 
covers  the  center  of  the  target.  This  brings  the  line  of  sight 
parallel  to  grade,  provided  the  height  of  the  object-glass  has 
not  been  changed  appreciably  by  inclining  the  telescope. 
(4)  Hold  the  rod  on  the  first  stake,  and  set  the  target  over 
again  if  the  object-glass  has  been  changed.  (5)  Hold  the  rod 
at  the  second  stake,  change  the  Hne  of  sight  slightly  if  neces- 
B&ry,  and  estahliah  a  permanent  foresight  at  the  given  distance 
above  the  stake.  (6)  Set  the  intermediate  stakes  without 
dianging  the  target.  This  cannot  be  done  if  the  surface  of 
the  ground  is  very  irregular,  hence  this  method  is  suitable  only 
for  comparatively  imiform  slopes. 

(e)  Note.  "-When  the  transit  is  used  it  is  often  better  to  set  up  directly 
over  one  of  the  stakes,  and  fix  the  target  at  the  height  of  the  supporting 
axis,  thus  avoiding  the  readjustment  in  incUning  the  telescope.  For  the 
same  reason  some  surveyors  prefer  to  set  the  level  directly  over  a  stake 
instead  of  a  foot  or  so  behind  it 

(/)  Practical  tuggestiona.  (1)  Make  sure  that  the  line  of  sight  is  parallel 
to  grade  before  setting  intermediate  stakes,  no  matter  how  many  times  the 
tawt  must  be  reset, — two  trials  are  usually  sufficient.  (2)  For  a  per- 
manent foresight,  wrap  a  strip  of  paper  about  a  pole,  slip  a  rubber  band 
over  it.  stick  the  pole  behind  the  stake,  move  the  rubber  band  until  it  coin- 
cides with  the  One  of  sight.  Then  any  change  in  the  line  of  sight  which 
may  occur  during  the  setting  of  intermediate  stakes  may  be  readily  de- 
'  '       '  )  h     '  '"    '"'  


teeted  stnd  corrected  by  the  Tevelman.  (3)  The  error  involved  in  setting 
the  target  opposite  to  the  center  of  the  object-glass,  without  looking 
through  the  telescope^  is  very  small,  often  less  than  that  which  ordinarily 
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occurs  in  setting  the  target  at  a  distance  of  300  ft.  or  400  ft.  (4)  If  the 
surface  of  the  ground  is  too  far  above  or  below  the  required  grade  to  drive 
the  stakes  to  grade,  the  method  can  still  be  used,  provided  all  the  stakes 
can  be  driven  some  constant  distance  above  or  below  grade.  (5)  See  p. 
250  for  other  practical  suggestions  for  driving  stakes. 

358*  To  Set  Qrade-stakes  for  a  Curb.  A  transit  adjusted 
for  leveling  is  the  best  instrument  for  this  work.  (1)  Find  two 
points  known  to  be  on  the  curb-line,  and  if  the  curb  is  straight, 
line  in  stakes  at  intervals  of,  say,  25  ft.  to  50  ft.,  driving  each 
stake  a  few  inches  into  the  ground.  (2)  Shoot  in  these  inter- 
mediate stakes  to  grade  if  practicable;  if  not,  figure  the  grade- 
rod  for  each  stake  (see  p.  243).  If  the  grade  is  on  a  vertical 
curve  there  is  no  difference  in  the  field  work, — ^it  is  simply  a 
matter  of  fixing  upon  elevations  at  stated  intervals  (see  p.  289). 

(o)  Grade-rod  method,  illustration.  A  curb  376.1  ft.  long  is  to  be  set 
to  a  2%  grade.  The  lower  end  be^ns  at  a  point  of  129.64  ft.  elevation. 
Stakes  are  set  on  line  every  50  ft.  The  grade-rod  will  therefore  be  1.0  ft. 
leas  for  each  succeeding  stake  as  the  grade  ascends.  The  3  +  50  stake  is 
26.1  ft.  from  the  end,  so  that  .02X26.1  =  0.522  must  be  subtracted  from  the 
grade-rod  used  for  that  stake  to  get  the  grade-rod  for  the  end-stake;  i.e., 
if  the  grade-rod  for  the  first  stake  is,  say,  8.94,  for  the  3  +  50  stake  it  is 
1.94,  and  for  the  last  stake  it  is  1.42. 

(6)  Pra/iical  suggestions.  (1)  When  practicable  set  the  instrument  mid- 
way between  the  ends,  and  high  enough  to  control  the  last  or  highest 
stake.  (2)  The  curb-line  may  be  marked  by  tacks  in  the  top  of  the  stakes 
after  the  latter  have  been  set  to  ^ade,  or  the  stakes  may  be  driven  with 
their  edges  on  line.  See  suggestions,  p.  259,  for  setting  stakes.  (3)  In 
resetting  old  curbs  a  stone  may  be  removed  wherever  it  is  desired  to  drive 
a  stake,  or  an  offset-line  may  be  run  on  the  sidewalk,  two  or  three  feet  from 
the  curb-line.  Points  on  this  line  at  intervals  of  about  25  ft.  may  be 
marked  by  spikes  driven  flush  in  the  sidewalk,  or  if  this  be  impracticable, 
by  scratches  on  the  surface.  The  curb-setter  should  be  furnished  with  a 
memorandum  giving  the  distance  that  each  point  is  above  or  below  the 
grade  of  the  curb  opposite  to  it. 

359.  To  Lay  Out  Grades  for  Pavements.  (1)  Set  stakes 
for  curbs  as  in  the  preceding  article.  After  the  curb  has  been 
set,  mark  points  on  the  face  of  the  curb  where  the  surface  of 
the  pavement  will  strike  the  curb.  These  marks  may  be  made 
with  a  chisel  at  intervals  of  from  25  to  50  ft.  A  row  of  stakes 
may  also  be  set  on  the  center-line  of  the  street,  especially  if 
it  is  a  wide  street,  to  indicate  the  top  of  the  crown  of  the  road- 
way. These  stakes  and  the  marks  on  the  curb  are  established 
with  level  and  leveling-rod  by  the  grade-rod  method  or  by  "shoot- 
ing in.''  If  it  is  necessary  to  estimate  quantities  before  the 
pavement  is  laid,  profiles  should  be  made  of  the  center-line 
and  of  the  gutter-lines,  and  also  in  many  cases  of  the  sidewalk 
lines  and  property  lines.  The  engineer  often  marks  out  the 
templet  used  in  laying  a  pavement.  Unless  the  street  is 
very  wide  this  templet  corresponds  to  one  half  of  the  cross- 
section;   its  lower  edge  is  an  arc  of  a  vertical  circle  or  par- 
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abola  starting  from  the  gutter-line  and  rising  to  the  center  of 
the  street  to  give  a  proper  crown  to  the  pavement. 

360.  To  Give  Grades  for  a  Sewer.  The  center-line  of  the 
trench  is  first  staked  out  on  the  ground.  As  soon  as  a  portion 
of  the  trench  is  well  under  way,  have  the  contractor  set  planks 
about  two  inches  thick  on  edge  across  the  trench  at  intervals  of 
about  25  or  30  ft.,  the  ends  sunken  into  the  banks  flush  with 
the  ground  surface.  Nail  upright  strips  (grade-slats)  about  two 
inches  wide  to  the  plank  so  that  a  line  along  the  edges  of  the 
strips  will  be  directly  over  the  center  of  the  sewer.  The  transit 
used  for  hning  in  the  strips  may  now  be  used  for  "shooting 
in"  the  grade,  or  the  grade-rod  method  may  be  applied.  The 
grade  is  marked  on  the  uprights,  either  by  driving  a  nail  hori- 
zontally into  the  edge  of  each  "slat,"  or  by  cutting  a  notch. 
The  nails  should  be  driven  only  part  way  in,  so  that  by  sight- 
ing along  the  nails  any  error  may  be  detected  by  the  eye.  The 
nails  or  notches  on  the  uprights  are  usually  placed  a  whole 
number  of  feet  above  the  flow-line  of  the  sewer  (the  lowest 
line  along  the  inside  surface  of  the  sewer).  This  holds  good 
for  pipes  as  well  as  for  built  sewers. 

(a)  Practical  augaeationa.  (1)  Grades  should  be  given  to  the  near- 
est hundredth  of  a  loot,  and  the  flatter  the  grade  the  more  accurately  the 
sewer  should  be  laid.  (2)  When  the  ground  is  very  uneven  it  may  be 
necessary  to  set  the  nails  or  notches  at  unequal  distances  above  the  flow- 
line,  but  the  distance  for  each  notch  should  be  some  whole  number  of  feet. 
It  is  well  to  mark  a  "crow-foot"  on  each  grade-slat,  with  the  apex  at  tlw 
nail  or  notch,  and  the  amount  of  cut  marked  between  the  lines.  (3)  When 
nails  or  notches  are  a  constant  distance  above  grade  and  one  is  set  by 
mistake  far  enough  above  or  below  the  others  to  affect  construction,  the 
error  will  be  apparent  to  the  eye — hence  form  the  habit  of  sighting  fre- 
quently along  the  nails  or  notches.  (4)  The  planks  may  be  disturbed 
by  blasting,  or  the  uprights  themselves  be  knocked  out,  especially 
if  a  cable  trenching-machine  is  used.  For  this  reason,  if  for  no  other, 
bench-marks  should  be  estabUshed  near  the  end  of  each  stretch,  or  at  dis- 
tances not  exceeding,  say,  400  ft.  (5)  A  straight,  stiff  grade-pole  shoiild 
be  made  for  the  use  of  the  contractor  and  inspector,  say  of  2"X2"  pine, 
with  a  bracket  at  the  bottom. extending  at  right  angles  to  the  pole.  Meas- 
uring from  the  bottom  of  the  bracket,  cut  grooves  to  mark  each  foot. 
These  grooves  should  be  accurately  cut  across  the  face  of  the  pole  so  that 
when  the  cord  is  stretched  between  the  nails  or  notches  on  the  uprights 
any  groove  may  be  fitted  to  the  cord  at  any  point,  thus  making  tne  bot- 
tom of  the  bracket  the  corresponding  number  of  even  feet  below  the  cord. 

(6)  To  avoid  mistakes,  work  in  one  direction,  say  from  down  hill  up  hill, 
so  that  the  target  will  always  be  moved  downward  at  each  new  setting. 

(7)  As  sewers  are  usually  laid  in  streets,  it  is  easier  to  measure  the  dis- 
tances between  grade-slats  along  the  surface  of  the  ground,  and  find  the 
proportion  of  the  total  rise  or  fall  for  each  of  these  distances.     (See  (2),  p. 

.  286. )  The  jw  cent,  tot  grade  thus  foimd  does  not  accord  with  the  definition 
in  Art.  310  (a),  p.  243,  but  the  difference,  numerically,  is  small.  On  rough 
uneven  ground  or  very  steep  slopes  it  may  be  more  convenient  to  measure 
between  grade-slats  by  horizontal  stretches,  as  in  ordinary  chaining,  al- 
though a  final  "O.  K."  measurement  should  be  made  parallel  to  the  sewer, 
since  the  contractor  will  be  paid  for  the  length  of  sewer  lus  thus  measured, 
Md  not  for  its  horisontal  projection. 
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(&)  lUuatration.  (See  field  notes  for  Albany  Ave.  sewer,  pp.  284,285.) 
DcUa.  The  blue-print  caUed  for  the  following  flow-line  elevations:  At 
the  center  of  the  manhole  (or  Sta.  0),  El. » 45.62  ft.;  at  268  ft.  upstream 
(or  Sta.  2  +  68),  El. -46.96  ft.;  a  straight  grade  between  these  two  points 
or  a  rise  of  46.96-45.62  =  1.34  ft.  in  268  ft.,  or,  approximately,  a  0.6% 
grade  (for  1.34+2.68=0.5).  An  outline  of  the  different  steps  tliat  were 
taken  in  giving  the  grade  is  as  follows: 

(1)  The  contractor  set  planks  on  edge  across  the  trench,  at  intervals 
of  about  30  ft.  The  engineer  Uned  in  the  uprights  or  grade-slats.  As  a 
slat  could  not  be  set  over  the  manhole  at  Sta.  0,  one  was  set  directly  back 
ofit  (-1.3  ft.). 

(2)  Measured  the  partial  distances  between  slats,  25.16,  30.01,  29.09, 
etc.,  and  entered  tjiese  distances  in  column  1,  written  in  small  figures  just 
below  the  ruled  lines.  As  the  grade  of  the  street  was  slight,  these  dis- 
tances were  measured  along  the  surface. 

(3)  Added  each  partial  distance  to  the  number  of  the  preceding  station 
to  get  the  number  of  the  station  at  the  succeeding  grade-slat,  thus:  (0)-4- 
25.l6  =  Sta.  0  +  25.16;  (0  +  25.16) +  30.01=  Sta.  0+65.17;  (0+56.17)  + 
29.99 —  Sta.  0  +  85.16,  and  so  on,  thus  completing  column  1.  Observed 
that  the  last  station  checked,  very  closely,  with  the  total  distance. 

(4)  Multiplied  each  partial  distance  by  0.5  (per  cent.)  and  put  the  re- 
sults in  column  5,  written  in  small  figures  just  below  the  ruled  lines,  thus: 
25.16X0.5  =  0.126;  30.01X0.5-0.150,  and  so  on. 

(5)  Starting  with  the  known  elevation  of  45.62  for  Sta.  0,  found  the 
elevation  of  the  flow-line  at  each  station  by  adding  to  the  elevation  of  the 
preceding  station  the  quantity  in  small  figures  just  below,  thus:  46.62  + 
0.126  =  45.746;  46.746  +  0.150-45.896,  and  so  on.  Noticed  that  46.96, 
the  elevation  thus  obtained  for  Sta.  2  +  68.34,  checked  with  the  elevation 
caUed  for  on  the  blue-print  for  that  station.     This  completes  column  6. 

(6)  Backsighted  on  a  bench-mark  to  get  H.I.  For  convenience,  66.610, 
the  elevation  of  the  B.M.,  and  3.207,  the  B.S.,  were  both  recorded  in  the 
second  coltmin.     Recorded  58.817  (their  sum)  in  the  third  column. 

(7)  Subtracted  each  of  the  calculated  elevations  in  column  5  from  H.I. 
to  get  the  grade-rod  and  entered  the  results  in  the  fourth  column,  the 
whole  number  of  feet  at  the  top  of  the  space,  the  deciujal  part  on  the 
ruled  line,  thus:  58.817-45.746=13.071;  68.817-45.896-12.921.  and 
so  on. 

(8)  Found,  by  trial,  that  it  would  be  most  convenient  to  cut  the  notches 
on  the  grade-slats  10  ft.  above  the  flow-hne,  hence  each  grade-rod  was 
reduced  by  10  ft.,  giving  "field-rods"  of  3.071,  2.921,  etc.,  thus  com- 
pleting column  4. 

(9)  The  notch  on  each  grade-slat  was  then  cut,  a  '*crow-foot"  marked 
on  the  slat  with  its  point  at  the  notch,  and  "10"  marked  between  the 
lines  of  the  crow-foot.  As  the  work  progressed,  the  last  column  was  filled 
out.  Opposite  Sta.  0  +  25.16,  for  example,  there  are  three  quantities 
recorded,  i.e.,  10  ft.,  the  difference  between  the  grade-rod  and  field-rod, 
or  the  distance  of  the  notch  on  the  slat  above  flow-line;  0.7  ft.,  the  dis- 
tance of  the  notch  above  the  ground,  and  9.3  ft.  (or  10-0.7),  the  actual 
cut  at  that  station.  This  colimin  shows  the  actual  depth  of  earth  which 
the  contractor  has  to  remove;  it. is  also  useful  in  plotting  the  profile  of 
the  finished  sewer. 

( 10)  Finally,  measurements  were  taken  between  notches,  skipping  every 
other  slat  so  as  to  make  each  measurement  cover  two  intervals.  These 
measurements  of  55.15,  60.03,  etc.,  in  column  2,  were  added  up.  and  their 
sum  or  the  **0.  K."  measurement  was  compared  with  the  length  obtained 
in  the  first  column  from  the  partial  measurements.  As  might  he  expected, 
it  was  sUghtly  shorter.  The  contractor  is  paid  for  the  length  of  sewer  as 
thus  measured,  i.e.,  as  measured  parallel  to  grade. 

(11)  Explanatory  notes  and  records  of  various  underground  structures 
and  rock  measurements  were  put  on  the  right-hand  page.  Thus,  for  ex- 
ample, rock  in  the  trench  began  at  Sta.  0  +  57,  10  ft.  down,  measured 
from  the  cord  stretched  between  notches  on  the  grade-slats;  at  Sta.  0+60 
the  top  of  the  rock  was  9.3  ft.  below  the  cord ;  at  Sta.  0+63,  8.5  ft.  below, 
and  so  on.  The  direction  of  the  12"  water-main  is  given  by  offsets  from 
the  center-line  of  sewer;  thus  at  Sta.  1  +88  the  offset  is  3.1  ft ,  at  1  +82  it 
is  0.8  ft ,  and  at  1+73.5  it  crosses  the  center-line,  with  its  top  4  ft.  below 
the  cord  stretched  between  notches  on  the  grade-slats. 

(c)  lUuttration,    (See  notes  for  NewhaU  St.  tile  sewer.)     The  fint  and 


SPECIAL  WORK  287 

aMond  oolumna  correspond  to  the  first  and  fourth  columns,  respectively,  of 
the  preceding  illustration.  The  third  column  is  the  "  height  above  grade" 
€i  the  notches  or  nails  in  the  slats  and  corresponds  to  the  first  part  of  the 
last  column  in  the  preceding  illustration.  The  fourth  column  contains  the 
"elevation  of  grade  points"  or  actual  elevations  of  the  notches  or  nails. 
The  fifth  column  gives  the  field-rods.  The  third  and  fifth  columns  are  com- 
bined in  column  4  in  the  preceding  illustration. 

(d)  Suggestions.  (1)  The  heading  of  the  notes  for  sewers 
should  give:  name  of  street;  size  of  sewer  and  material;  rate 
of  grade  and  date.  (2)  Manholes  and  other  important  points 
should  be  referenced,  and  notes  made  of  curves,  house-connec- 
tions, and  bends,  as  illustrated  on  p.  285. 

361.  To  Give  Elevations  for  a  Line  of  Shafting.  The 
controlling  points,  say  at  each  hanger,  must  be  lined  in  first, 
hence  the  transit  used  for  that  purpose  may  also  be  used  for 
leveling.  The  elevations  of  the  controlling  points  may  be 
established  by  the  grade-rod  method  in  the  usual  way.  Since 
the  points  are  usually  above  the  instrument,  minus  grade-rods 
must  be  used,  and  hence  it  will  be  more  convenient,  although 
by  no  means  necessary,  to  hold  the  rod  upside  down.  A 
bench-mark  should  be  established  from  which  all  elevations 
may  be  obtained. 

lUustration.  The  elevation  of  the  line  of  shafting  at  some  hanger-point 
is  to  be,  say,  12  ft.  The  height  of  instrument  is,  say,  5  ft.  Then  5  — 12« 
— 7  ft.  is  the  grade-rod,  i.e.,  the  required  point  is  7  ft.  above  instead  of 
below  the  line  of  sight.  Set  the  target  at  7  ft.,  and  hold  the  rod  upside 
down.  The  base  oithe  rod  will  then  be  7  ft.  above  the  line  of  sight  and 
hence  will  give  the  required  point. 

362.  To    Estimate  Cut  and   Fill    for  Grading     Divide 

the  area  to  be  graded  into  squares,  as  in  Fig.  468,  p.  432.     Find 

the  elevation  of  the  groimd  at  the  comer  of  each  square,  as  in 

profile  leveling,  and  calculate  the  cut  or  fill  according  to  the 

method  explained  in  Part  II.     Borrow-pits  may  be  staked  out 

and  the  contents  estimated  by  this  method. 

Practical  aupgeatioiM.  (1)  Establish  one  or  more  permanent  bench- 
maricB,  according  to  the  size  of  the  plot.  (2)  Make  the  squares  as  large 
as  possible,  and  yet  have  the  surface  of  the  ground  in  any  one  square  ap- 
proximately a  plane.  The  more  uniform  the  surface  the  larger  the  squares; 
venr  rough  ground,  small  squares.  (3)  Take  extra  rod-readings  to  cover 
hoUowB  and  mounds  within  a  square^  which  otherwise  would  cause  appre- 
ciable errors  in  results.  (4)  Chain-pins  can  be  used  to  mark  comers,  but 
stakes  are  better,  for  the  number  or  letter  corresponding  to  the  comer  may 
then  be  marked  on  the  stake.  (5)  Use  some  system  of  marking  comers 
Hke  that  shown  in  Fig.  402  (c),  p.  341.  ([6)  It  is  often  accurate  enough  to 
line  in  stakes  by  eye,  measuring  the  distances  between  with  a  tape,  or 
sometimes  by  pacing.  Another  method  is  to  lay  a  tape  on  the  ground  first 
along  one  line  of  comers  and  then  along  another  Une;  the  rod  is  held  at 
every  10-ft.  point  or  20-ft.  point,  or  whatever  the  proper  interval  may  be 
and  thus  the  use  of  stakes  or  chain-pins  is  avoided. 

363.  To  Set  Stakes  for  Grading  Land.  Divide  the  plot 
into  squares,  drive  a  stake  a  few  inches  into  the  ground  at  the 
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comer  of  each  square,  and  mark  each  stake  according  to  some 
system  like  that  shown  in  Fig.  402  (c) ,  p.  341.  If  the  cut  and  fill 
is  to  be  estimated  before  the  stakes  are  set  to  grade,  the  ele- 
vation of  the  groimd  at  each  stake  is  foimd  in  the  usual  manner, 
and  the  computations  made  as  explained  on  pp.  429-434.  When 
the  finished  grade  has  been  decided  upon,  it  remains  to  drive 
each  stake  either  by  using  a  grade-rod  or  by  ''shooting  in  " 
the  grade.  There  are  three  general  cases,  according  to  whether 
the  finished  grade  is  (1)  to  be  level,  (2)  to  slope  in  one  direction, 
or  (3)  to  slope  in  two  directions. 

Remark.  In  each  of  the  three  cases  it  will  be  assumed  for  purposes  of 
eicplanation  that  the  Burfa<^  of  the  eround  is  such  that  all  stakes  can  be 
driven  to  grade.  When,  as  is  usually  the  case,  this  cannot  be  done,  the 
customary  method  is  to  drive  temporary  stakes  marked  with  the  cut  or 
fiU  meaaured  from  the  existing  surface.  (See  (5),  p.  259.)  When  the  rough 
grading  is  completed,  the  final  set  of  stakes  may  be  driven  with  tops  to 
grade  (see  (1),  p.  258),  or  with  tops,  say,  one  foot  above  grade  (see  (2), 
p.  258),  or  with  lines  marked  on  the  stakes  (see  (3),  p.  258).  ^  Occasionally 
It  will  be  necessary  to  set  stakes  once  for  all  before  grading  is  begun,  aad 
to  use  different  "field-rods"  for  different  stakes.  (See  uluM^ration  (6), 
p.  259.) 

(a)  Case  I,  To  set  stakes  so  that  the  finished  grade  wUl  be 
level.  It  is  required  to  grade  to  an  elevation  of  100  ft.  (actual 
or  assimied).  (1)  Set  up  the  level  and  find  H.I.  Say  it  is 
106.45,  (2)  Set  the  target  at  the  grade-rod,  in  this  case  6A5. 
(3)  If  the  ground  is  already  nearly  level  it  may  be  possible  to 
drive  all  stakes  to  grade,  using  this  grade-rod,  or,  if  more  ihajo. 
one  set-up  is  required,  by  figuring  a  new  grade-rod  for  each 
new  set-up  of  the  level. 

(6)  Case  II.  To  set  staJces  so  that  the  finished  grade  will  slope 
in  one  direction  only.  In  this  case  it  is  best  to  set  the  lines  of 
stakes  parallel  to  the  direction  of  the  slope.  Then  eadi  line 
may  be  set  in  a  manner  similar  to  that  explained  for  setting 
curb-stakes  (p.  282).  A  quick  method,  when  the  surface  of  the 
ground  is  fairly  even,  is  to  "shoot  in*'  one  row  of  stakes  in  tiie 
direction  of  the  slope,  and  then  set  the  cross-rows  at  right 
angles,  with  all  the  stakes  in  any  one  row  at  the  same  elevation. 
In  rough  ground  it  is  usually  necessary  to  set  stakes  by  the  use 
of  "field"  grade-rods,  as  explained  above. 

(c)  Ca^se  III.  To  set  stakes  so  that  the  finished  grade  wiU  slope 
in  two  directions.  In  this  case,  if  the  two  directions  of  dopes 
are  at  right  angles  to  each  other,  the  work  is  similar  to  the  pre- 
ceding case,  the  stakes  in  one  direction  being  set  parallel  to  the 
dLope  in  that  direction;  the  cross-lines  in  the  other  direction 
will  then  be  parallel  to  the  other  slope.    When  the  ground  ia 
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nearly  at  the  required  grade,  a  quick  way  is  to  calculate  the 
elevations  of  the  four  corner-stakes,  set  these  stakes,  "shoot 
in"  the  outside  rows,  and  then  "shoot  in"  the  intermediate 
stakes  of  each  row  from  the  two  extreme  stakes  in  that  row. 
If,  however,  the  ground  is  too  uneven  to  set  the  stakes  without 
using  different  grade-rods,  it  then  becomes  necessary  to  calcu- 
late the  elevation  of  the  finished  grade  at  each  stake,  and  from 
these  elevations  find  the  grade-rod  to  use  for  each  stake,  as  in 
the  preceding  illustration. 

When  the  two  directions  of  slope  are  not  at  right  angles  to 
each  other,  the  problem  is  somewhat  more  complicated.  As  a 
general  rule,  several  points  may  be  chosen  to  be  used  as  con- 
trolling points.  The  elevations  of  these  points  having  been 
determined,  by  calculation  or  by  some  other  method,  stakes 
may  be  set  on  a  straight  line  between  any  two  controlling 
points  in  the  usual  manner.  Controlling  points  should  be 
selected  with  a  view  of  simplifying  the  work  of  calculation  as 
well  as  the  actual  field  work. 

364.  To  Stake  Out  a  Vertical  Curve.  Once  the  elevations 
of  points  on  the  curve  are  known,  the  work  of  setting  stakes 
does  not  differ  from  any  of  the  work  already  explained  in 
which  the  grade-rod  method  is  used.  The  elevations  on  the 
curve  are  usually  taken  at  regular  intervals,  and  may  be  de- 
termined in  two  ways:  (1)  by  calculation,  and  (2)  by  plotting 
the  curve  and  scaling  the  ordinates  (elevations).  If  the  latter 
method  is  used,  the  vertical  scale  is  usually  much  greater  than 
the  horizontal  scale, — large  enough  so  that  ordinates  may  be 
scaled  to  the  limit  of  error  fixed  upon  for  setting  stakes.  In 
case  this  limit  of  error  is  very  small,  it  is  usually  necessary  to 
calculate  elevations.  The  parabola  is  often  used  for  vertical 
curves,  because  (1)  it  is  well  adapted  for  a  gradual  and  easy 
diange  from  an  up  grade  to  a  down  grade,  or  vice  versa,  and 
(2)  the  calculation  of  elevations  is  very  simple. 

(a)    TO   CALCULATE  THE   ELEVATIONS   OP   POINTS   ON  A  VERTICAL 
PARABOLA 

Let  /  be  the  point  of  intersection  of  an  up  grade  AI  with  a 
down  grade  IB.  Let  d=the  distance  between  stations,  and  let 
A  hen  stations  on  one  side  of  /,  and  Bhan  stations  on  the  other 
side,  i.e.,  AE'^E'B'^  and  hence  AE=EB.  Let  g  represent  the 
rise  of  AI  per  d  ft.,  and  gr'  the  fall  of  IB  per  d  ft.  These  two 
grades  may  be  unequal.  Required :  To  find  the  elevation  of  points 
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on  a  vertical  parabola  passing  through  A  and  B,  tangent  to  il/  and 
Bl,  There  are  two  methods :  (1 )  To  calculate  tangent  corrections 
2/1 J  2/2,  ^3,  etc.,  at  regular  intervals;  this  corresponds  to  tangent 
offsets  for  circular  curves  (p.  207).  (2)  To  find  the  chord  gra- 
dients for  successive  chords.  Since  AE=EB,  IE  is  a  diameter 
of  the  parabola,  and  the  distances  of  the  curve  in  a  vertical 
direction  from  stations  on  the  tangent  A I  are  as  the  squares  of 
the  number  of  stations,  or  if  a;  =  the  number  of  stations  and  c= 
a  constant,  y=x^c,  (From  analytic  geometry.)  It  can  be 
shown  that 

c=V^ 

4n 


(1) 


f(=^P.T. 


-71— Staftons >i 


I.  First  method,  tangent 

deflections 
d  ft.  from  A  or  P,C.  y\  =  c 
2d''      "     ''  "    ''  y2=4c 
3d"     "    "  "    '*   i/3=9c 


Fig.  364  (a). 
II 


Second  method,  successivt 
chord  gradients 
First  chord  gradient =g—c 
Second"  ''       =g-3c 

Third    "  ''       =g-5c 

Fourth"  ''       =g-7c 

Nth       "  ''       =g-i2N-l)c 


Remark.    The  plus  sign  may  be  given  to  an  ascending  grade  and  a 

If  strict  attention  is  paid  to  a^-^' 

^  ^  "  "       "    "*  gOO( 

six  possible  combinations  of  grades,  including  the  cases  when  both  grades 


minus  sign  to  a  descending  grade.     iF  strict  attention  is  paid  to  algebraic 
signs  in  determining  the  value  of  c,  the  above  formulas  hold  good  for  all 


are  rising  or  both  falling. 

(6)  Elevations  of  special  points.  The  elevation  of  a  point  be- 
tween stations  may  be  found  by  treating  the  distance  of  the 
point  from  the  preceding  station  as  a  decimal  part  of  d,  (See 
remark,  p.  292.) 

The  elevation  of  /  is  the  elevation  of  P.O.  plus  ng.  The  ele- 
vation of  P,T.  is  the  elevation  of  /  plus  ng\ 
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The  elevation  of  the  point  on  the  curve  directly  above  or 
below  /  may  be  found  by  adding  algebraically  n^c  to  the  mean 
of  the  elevations  of  P,C,  and  P.T, 

Field  Work  op  staking  out  a  Vertical  Parabola 

ic)  Method  of  procedure  for  tangent  corrections, 
1)  Calculate  c  from  formula  (1),  p.  290,  being  careful  to  give 
to  g  and  g^  their  correct  algebraic  signs.     (See  remark,  p.  290.) 

(2)  Calculate  the  uncorrected  elevation  of  each  station  as  if 
it  were  on  the  given  grade  through  P.C  by  adding  g  algebraically 
to  the  elevation  of  the  preceding  station. 

(3)  Calculate  the  tangent  corrections  j/i,  ^2,  2/8,  etc. 

(4)  Subtract  algebraically  the  values  of  yi,  t/2,  2/3,  etc.,  found 
in  (3)  from  the  corresponding  uncorrected  elevations  found  in 
(2).     This  gives  the  actual  elevations  of  points  on  the  curve. 

(5)  Set  stakes  for  the  various  points  by  the  grade-rod  method 
(pp.  243,  258-259). 

(d)  Method  of  procedure  for  chord  gradients. 

(1)  Calculate  c  as  in  the  preceding  method. 

(2)  Calculate  the  gradient  for  each  chord  by  subtracting  2c 
algebraically  from  the  gradient  of  the  preceding  chord.  (The 
gradient  of  the  first  chord  is  (g  —  c).    See  p.  290.) 

(3)  Beginning  with  the  elevation  of  P.  C.,  add  algebraically  the 
gradient  of  each  chord  to  the  elevation  of  the  station  at  the 
be^bining  of  the  chord  to  find  the  elevation  of  the  station  at 
the  end  of  the  chord. 

(4)  Set  stakes  for  the  various  points  by  the  grade-rod  method. 

(e)  Methods  compared.  The  method  of  chord  gradients  is 
preferable  to  the  other,  since  it  involves  not  only  less  arithmet- 
ical work,  but  if  the  elevation  of  P.T.  comes  out  correct,  it  is 
a  check  on  all  of  the  calculations. 

(/)  lUuatration.  A  grade  ascending  at  the  rate  of  1  ft.  per  100  ft.  is  to 
be  connected  by  a  parabola  with  a  grade  descending  at  the  rate  of  3  ft. 
per  100.     Stakes  are  to  be  set  100  ft.  apart.     P.C.  and  P.T.  are  each  to 

be  200  ft.  from  /.     Then  d=100,  ^=-1,  g'^iS),  n  =  2,  and  c=^~^J~^^  - 

+0.5.     Suppose  the  elevation  of  P.C.  is  128.16,  then  the  following  table 
will  illustrate  the  two  methods. 


Bt  Tangent  Corrections 
128.16  -  0.0  -   128.16 


P.C. 

1 


8 


-1.0 
129.16 
•4-1.0 
130.16 
+  1.0 
131.16 
+  1.0 


-  0.5   -   128.66 

-  2.0   -   128.16 


-  4.5 


126.66 


P.T.      132.16  -  "8.0  -  124.16 


Line 
--  to  P.C. 

PC  to  1 

1  to2 

2  to  3 


Bt  Gradients 
Gradient 

1.0 

+0.5 
ff"  c  =  +0.5 

+  1.0 
^ -3c  =-0.5 

+  1.0 
(y— 5c«"  — 1.5 

+  1.0 


3toP.r.        ff-7c'^'-2.^    P.T. 


Corrected 
elevation 

128.16 
+  0.5 
I  =128.66 
-0.50 
5  -128.16 
-1.5 
-126.66 

^2.5 
=  124,10 


3 
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Check, 


From  (6) 
l?Pxl?±2  X  (  - 3)  =  124. 16  (check). 


the  El,  of  7  =  128.16+2X1=- 130.16.  EL  of  P.r.- 
.,  _,  24.16  (check).  El.  of  curve  at  a  point  below  /  is 
(128.16  + 124.16)  +  2  +  22X0.5  =  126.16  +  2.0  =  128.16  (check). 

Remark.  The  elevation  of  any  substation  say  140  ft.  from  P,C.  (1.4 
stations)  =  128.16  +  1.4(7-  (1.4)2c=  129.66  -0.98  =  128.58. 

Both  grades  ascending  or  both  descending.     Method  still  holds  good. 

Exercise.  Find  the  corrected  elevations  in  the  above  illustration  when 
fl^  is  +3.     (The  elevation  of  P.T,  should  come  out  136.16.) 

(g)  To  make  the  vertical  parabola  connecting  two  grades  pass 
through  a  point  at  a  given  distance  above  or  below  I,    From  p.  290 

^^   2       ±^  '    Hence  y  for  a  point  above  or  below  /  (i.e.,  n 


4n 
stakes  from  P.C.)  is  given  by  y  — 


n(g-g'). 


(1)  Substitute  for  y  the  amount  the  curve  must  pass  above 
or  below  /,  insert  values  for  g  and  gr',  and  solve  for  n.  (2)  Find 
c  and  proceed  as  usual. 

Illustration.  A  grade  descending  at  the  rate  of  2.0  ft.  per  100  ft.  is  to 
be  connected  with  a  grade  ascending  at  the  rate  of  3.6  ft.  per  100  ft.  by 
a  vertical  parabola.  The  curve  must  pass  through  a  point  1.4  above  /. 
Stakes  must  be  set  at  25  ft.  intervals.  g=' —2  ft.  oer  100  ft.  =  -0.5  ft. 
per  25  ft.     ^  -  +3.6  ft.  per  100  ft.  =  +0.9  ft.  per  25  ft. 

By  the  conditions  2/"=  1.4,  hence  1.4  =  ^ '— '—-^t  and  n=4.     Henoe 

c      a^sTa  '   "  -0.0875.     Suppose  that  the  elevation  of  P.C.  =  98.6. 
4X4 

By  Tangent  CJorrections 
Uncor- 
Stake     rected 
elevation 

0.0 


y^x^c 


Corrected 
elevation 


P.C. 


98.6 


0.0875  -     98.1875 

-    -0.35       -     97.95 


-    -0.7875   «     97.8875 


1.4 


-     98.0 


-0.5  98.6 

-0.0875  -0.4125 

P.C.  to  1       -0.4125  98.1875 

-0.17.50  -0.2375 

1  to  2         -0.2375  97.9500 
-0.1750  -0.0625 

2  to  3         -0.0625  97.8875 
-0.1750  +0.1125 

3  to  4         +0.1125  98.0000 
-0.1750  +0.2875 

4  to  5         +0.2875  98.2875 
-0.1750  +0.4625 

5  to  6         +0.4625  98.7500 
-0.1750  +0.6375 

6  to  7         +0.637^  99.3875 
-0.175(y  +0.8125 

7  to  8         +0.8125  100.2000 
100.2 

Check.     El.  of  7-98.6 +X4(- 0.5)  =  96.6.      El.  of  P. r.  =96.6+4  X 0.9- 

100.2  (check).     The  elevation  of  a  point  on  the  curve  above  /  is  (98.6+ 
100.2) -s- 2  + 42 X  -0.0875  =  99.4  + (-1.4)  =  98.0  (check).     (See  also  p.  368.) 

iji)  When  the  rate  of  change  c  and  the  two  grades  g  and  g*  are 

given.    The  first  step  is  to  find  n  from  n=  .    Then  proceed 

as  in  the  other  cases  already  illustrated.     (See  books  on  Rail- 
way Curves  for  other  special  cases.) 


P.T 


98.6 
-0.5 

98.1 
-0.5 

97.6 
-0.5 

97.1 
-0.5 

96.6 
-0.5 

96.1 
-0.5 

95.6 
-0.5 

95.1 
-0.5 

94.6 


-  -2.1875  =     98.2875 

-  -3.15       =     98.75 


-  -4.2875   =     99.3875 

-  -5.6 


By  Gradients 
Line 
-  to  P.C. 


«-'««"*  S2^^^ 


CHAPTER  XXIV 

CO^fPASS  SURVEYING 

^  Since  the  theory  of  transit  surveying  already  explained  includes  prac- 
tically all  of  the  theory  of  compass  surveying,  it  is  necessary  in  this  chapter 
to  give  only  a  few  additional  directions  and  suggestions  for  the  use  d 
the  compass.  The  first  part  of  Chapter  XI,  which  deals  with  the  subject 
of  healings,  should  be  studied  in  connection  with  this  chapter. 


365.  Compass  SurveyiSng.  The  transit  has  taken  the  place 
of  the  8urveyor*s  compass  to  such  an  extent  that  now  the  latter 
is  used  for  rough  work  only,  where  speed  and  not  accuracy  is 
the  first  requirement.  For  such  work  the  compass  is  a  very 
useful  instrument,  and  surprisingly  good  results  may  often  be 
obtained  with  it.  The  positions  of  any  two  points  with  respect 
to  each  other  are  determined  by  the  hearing  and  the  length  of  the 
line  between  them,  and  this  is  the  basis  of  compass  surveying. 
The  angle  between  two  lines  may  be  calculated  easily  if  the 
bearing  of  each  line  is  known.  (See  chapter  on  Calculation  of 
Bearings.)  The  clumsy  and  inaccurate  chain  formerly  used  in 
compass  surveying  is  being  gradually  replaced  by  the  steel 
chain-tape.     (See  remark,  p.  33.) 

The  objections  to  the  use  of  the  compass  are:  (1)  Under  the 
most  favorable  conditions  bearings  cannot  be  read  with  any 
degree  of  certainty  closer  than  five  or  ten  minutes.  (2)  The 
needle  is  unreliable,  and  imder  certain  conditions,  as  for  exam- 
ple in  city  surveying,  local  attraction  may  render  it  practically 
useless. 

The  advantages  are:  (1)  The  compass  is  light  and  portable; 
and  while  it  is  less  accurate  than  the  transit,  it  requires  much 
less  time  for  setting  up,  sighting,  and  reading.  (2)  An  error 
in  the  direction  of  one  line  does  not,  necessarily,  affect  other 
lines  of  the  survey.  (3)  The  compass  is  especially  adapted  to 
running  straight  lines  through  woods  and  other  places  where 
obstacles  are  likely  to  interfere  with  the  line  of  sight.  Thus, 
for  example,  when  a  foresight  strikes  a  tree  the  instrument  may 
be  set  up  beyond  it  at  a  point,  found  by  trial,  such  that  the 
backsight  on  the  tree  will  have  the  same  bearing  as  the  fore- 
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sight.  (4)  Since  the  compass  was  the  instrument  in  general 
use  before  the  introduction  of  the  theodolite  and  the  transit, 
it  is  especially  adapted  to  retracing  old  surveys. 

366.  Use  of  the  Compass.  Practical  suggestions,  (1)  Set 
up  over  the  station  and  level  up.  If  the  instrument  is  fitted 
with  a  ballnspindle  only,  it  is  made  level  by  grasping  the  main 
plate  near  the  compass-box — not  near  the  sight-vanes — ^and 
moving  it  until  both  bubbles  come  to  position,  where  it  is  held 
by  friction  on  the  ball.  If  there  are  leveling-screws,  the  instru- 
ment is  made  approximately  level  on  the  ball  and  the  leveling 
perfected  by  the  leveling-screws. 

(2)  The  upright  sights  or  sight-vanes  are  usually  unlike.  For 
example,  the  one  nearer  the  north  point  of  the  compass-box 
may  have  graduations  marked  on  it  for  vertical  angles,  while 
that  at  the  south  end  is  not  graduated  but  has  attached  to  it 
two  little  revolving  disks  or  peep-holes.  If  there  is  a  counter 
for  keeping  tally  in  chaining,  it  is  usually  placed  on  the  plate 
near  the  south  sight.  Fix  in  mind  once  for  all  which  of  the 
two  uprights  is  the  south  sight,  so  as  to  tell  it  at  a  glance,  always 
keep  this  next  to  the  eye  in  sighting,  and  always  read  the  north 
end  of  the  needle,  as  explained  on  p.  102.  Use  a  magnifying- 
glass  in  reading,  and  look  along  the  axis  of  the  needle  to  avoid 
parallax.  Read  to  the  nearest  half-degree  and  estimate  to  the 
nearest  five  minutes.  It  is  good  practice  to  glance  at  the  souJth 
end  of  the  needle  as  a  check,  especially  if  one  moves  around 
the  instrument  to  take  the  reading,  for  in  changing  positions 
any  source  of  local  attraction  about  the  person  is  likely  to  be 
detected  by  the  corresponding  change  in  the  needle  reading. 

(3)  Protect  the  pivot  in  every  way  possible,  for  unless  the 
pivot  is  sharp  and  perfect  the  needle  may  be  sluggish  and  un- 
reliable. Hence  lift  the  needle  off  the  pivot  before  starting  to 
carry  the  compass  to  another  point,  and  keep  it  off  when  not 
in  use.  Avoid  excessive  vibrations,  after  setting  up,  by  turning 
the  main  plate  before  releasing  the  needle  until  the  latter  is 
nearly  in  the  magnetic  meridian;  the  same  result  will  be  ob- 
tained if  the  vibrations  are  checked  by  slightly  raising  the 
needle,  but  the  longer  the  needle  is  in  coming  to  rest  the  more 
accurate  will  be  its  final  position. 

(4)  Keep  sources  of  attraction  such  as  axes  and  chain-pins 
.    away  from  the  compass;  bits  of  steel  about  the  person,  such  as 

pocket-knives,  wire  in  a  hat  brim,  a  steel  suspender  buckle, 
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spectacle-cases,  sometimes  afifect  the  needle.  The  glass  of  the 
compass-box  may  become  electrified  from  rubbing  it — wet  it 
with  the  finger  or  breathe  upon  it. 

(5)  If  the  needle  is  sluggish  it  may  need  to  be  remagnetized 
by  bringing  it  into  the  magnetic  field  of  an  electric  light  or  a 
dynamo.  In  doing  this  the  poles  may  be  reversed;  test  by 
putting  the  needle  back  on  its  pivot,  and  if  reversal  is  found 
put  the  needle  back  into  the  field  the  other  end  about.  A  more 
tedious  method  is  to  lay  the  needle  down  and  rub  each  end  from 
the  center  out  with  that  end  of  a  bar-magnet  which  attracts  the 
end  of  the  needle  that  is  being  rubbed.  In  passing  the  magnet 
back  from  end  to  center,  lift  it  some  distance  above  the  needle 
to  avoid  coimteracting  the  rubbing. 

(6)  For  important  lines  take  duplicate  readings.  After  the 
first  reading,  disturb  the  needle  by  lifting  it  or  by  tapping  the 
box  gently,  and  see  if  it  comes  to  rest  at  the  same-  reading  as 
before.  Another  way  is  to  turn  the  sights  off  the  point  sighted 
at  and  to  bring  them  back  again  to  check  the  original  reading; 
this  takes  more  time,  but  it  is  the  surest  check. 

(7)  To  guard  against  local  attraction  read  the  bearing  of  im- 
portant lines  at  two  different  points — ^usually  at  the  two  ends. 

(8)  When,  because  of  obstructions,  it  is  inconvenient  to  take 
the  bearing  of  a  Une,  take  the  bearing  of  a  parallel  line,  estab- 
lished by  offsets  as  near  as  practicable  to  the  required  line. 

(9)  In  ordinary  work  make  sure  that  the  declination  arc  is 
set  at  zero.  When,  however,  it  is  desired  to  run  Unes  by  true 
bearings  instead  of  by  magnetic  bearings,  set  off  the  decUnation 
arc  (Art.  185,  p.  124).  In  retracing  old  surveys  the  change  in 
the  declination  of  the  needle  may  be  ascertained  and  the  decli- 
nation arc  adjusted  so  that  the  fines  may  be  run  from  the  bear- 
ings given  by  the  original  surveyor.     {See  p.  298.) 

(10)  When  the  compass  is  put  away,  allow  the  needle  to 
swing  to  the  magnetic  meridian  and  then  fift  it — ^it  retains  its 
magnetic  strength  longer  in  this  position. 

367.  Compass  Surveying, — General  Method,  (a)  Refer- 
ence lines  corresponding  to  transit  fines,  Chapter  XII,  are  estab- 
lished and  the  length  and  bearing  of  each  ascertained.  (See  also 
Art.  188,  p.  125.) 

(6)  WJiere  to  run  lines.  The  suggestions  in  Art.  216,  p.  149, 
hold  good.  It  is  often  possible,  however,  to  make  compass 
lines  coincide  with  boundary-fines,  where  in  transit  surveying 
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it  would  be  impossible.  When  this  can  be  done  it  saves  much 
unnecessary  work  (Art.  216  (a),  p.  150).  Avoid  choosing  sta- 
tions near  sources  of  local  attraction. 

(c)  Methods  of  locating  details.  The  methods  of  CJhapter  XIII 
hold  good,  except  that  bearings  of  lines  are  read  in  place  of 
angles  in  those  methods  which  involve  angular  measurements. 
Because  of  the  inaccuracy  of  the  compass,  methods  involving 
linear  measurements  only  (p.  138)  are  used  even  more  than  in 
transit  surveying.  The  old  rule  that  "when  distances  and 
direction  to  the  same  point  disagree  distances  govern "  is  more 
true  in  compass  surveying  than  in  transit  work. 

(d)  Practical  suggestions.  (1)  Equipment  nearly  the  same  as 
given  in  Art.  204,  p.  145,  with  the  compass  in  place  of  the  tran- 
sit. (2)  Referencing  stations  by  marks  on  trees,  etc.  See  Art. 
211,  p.  148.  (3)  Relation  between  office  and  field  work.  See 
Art.  215,  p.  149. 

368.  Detection  and  Elimination  of  Local  Attraction.  In 
this  article  the  term  local  attraction  is  used  in  its  strict  sense, 
and  does  not  include  the  deviation  of  the  needle  due  to  things 
about  the  person  or  to  other  avoidable  sources. 

(a)  Detection.  When  the  bearings  read  at  the  two  ends  of  a 
line  do  not  agree,  local  attraction  probably  exists  at  one  or  pos- 
sibly both  ends,  provided  the  compass  is  in  good  condition  and 
no  mistakes  are  made  in  observations.  To  ascertain  the  cor- 
rect bearing,  set  up  at  a  third  point  on  the  line,  and  see  with 
which  of  the  first  two  readings  the  third  agrees.  If  it  agrees 
with  neither,  try  a  fourth  point,  and  so  on  imtil  two  readings 
do  agree. 

(6)  Elimination.  The  angle  formed  by  two  lines  can  be  cal- 
culated from  the  bearings  of  the  two  lines  regardless  of  local 
attraction,  provided  the  bearings  are  both  read  at  the  same 
station — i.e.,  where  the  lines  intersect.  This  fact  suggests  a 
method  of  eliminating  local  attraction  from  the  bearings  of  a 
number  of  connected  lines,  as  illustrated  below. 

Compass  at    line  Bearing  Correction        Corrected  bearing 

.  AD  N.  62°40'E.  +50'               N.  63°  SC  E, 

^  AB  S.  69''    O'E.  +50'              S.  68°  IC  E. 

«  BA  N.  67°    O'W  -1°10'             N.  eS^lCW. 

"  BC  M.41°    O'E.  -1°10'            KSO^SCE. 

r  CB  S.  39^50' W.  0 

^  CD  N.  67°    O'W.  0 

75  DC  S.  67°    0'  E.  0 

^  DA  S.  63°  30'  W.      .  0 
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lUuttraUon.  The  bearing  of  each  line  in  Fig.  368  (b)  was  r«ad  at  both 
ends  of  the  line.  Glancing  down  the  results  in  the  third  column  above, 
it  is  seen  that  in  only  one  case  (the 

line   CD)   do   the    bearings   agree.  ''Fv^ 

This  indicates  that  there  is  no  local 
attraction  at  either  C  or  D.  Hence 
the  bearing  of  i>A=fc).  t)3°30' W. 
must  be  correct.  But  at  A  the 
reading  is  N.  62°  40'  E.,  indicating 
an  error  of  +50'  due  to  local  at- 
traction at  A  (+  =  clockwise,  —  = 
coimterdockwise).  Applying  this 
correction  to  the  erroneous  reading 
8. 69°  0'  E.  of  AB,  the  correct  bear- 
ing of  AB  is  S.  68°  10'  E.  But  the 
reading  at  5  is  N  67°  10'  W.,  indi- 
cating an  error  of  —  1**  10'.      '      -   ■ 


e.  68^10' E. 
Fig.  368  (6). 


g  an  error  of  "-l  10  .  Applymg  this  correction  to  the  other  reading 
taken  at  B,  i.e.,  BC'^N.  41°  0'  E.,  the  correct  bearing  of  BC  is  N.  39°  50'  E. 
This  checks  with  CS  =  S.  39°  50'  W  ,  taken  at  C,  where  there  is  no  local 
attraction.  Thus  local  atti^ction  may  be  eliminated  from  any  number  of 
connected  lines  provided  the  correct  bearing  of  one  line  is  known. 

Note.  When  the  bearing  of  not  even  one  line  can  be  taken  as  correct, 
assume,  for  temporary  purposes,  that  the  correction  at  some  one  station, 
say  the  first  station,  is  zero,  and  correct  all  the  other  bearings  accordingly 
by  the  method  just  illustrated.  It  will  usually  be  found  that  for  a  num- 
ber of  stations  the  correction  is  the  same.  It  is  therefore  pretty  safe  to 
assume  that  at  these  stations  no  local  attraction  exists,  ana  the  bearings 
may  again  be  corrected  on  this  assumption. 

369.  Field  Notes  and  Method  of  Procedure.  The  field 
notes  are  usually  kept  by  the  sketch  method  (p.  165).  Thus, 
for  example,  if  the  compass  had  been  used  in  the  survey  illus- 
trated on  p.  183,  the  bearing  would  be  recorded  along  each 
line  in  place  of  the  angle.  When  simply  the  bearings  of  a 
few  lines  are  taken  and  no  sketch  is  required,  the  notes  may  be 
tabulated  in  a  form  similar  to  Form  9 — a  modification  of  Form 
7,  p.  174.  Be  careful  to  record  whether  the  bearings  are  true 
or  magnetic. 

Form  9 


Station 

Line 

Bearing 

Length 

Si 

D 
C 

DE 
DC 
CD 

sj^so'e 

5.72'55'w 
N.72'55'E 

2Z9J 
155.0' 

\ 

CB 

N.8'45'E 

15. 

1^ 

B 

BC 
BA 

5.8"45W 

MszVo'w 

87.3 

■ 

A 

AB 

1 

s^z'jo'e 

107.8 
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Method  of  procedure.  Set  up  at  A,  took  the  bearing  of  AhT 
Set  up  at  J5,  took  the  back  bearing  of  AB,  i.e.,  the  bearing  BA , — 
found  that  it  checked  with  the  forward  bearing.  Took  the  for- 
ward bearing  of  BC,  and  moved  on  to  C,  While  this  was  being 
done  the  chainmen  measured  the  lines  between  stations.  Con- 
tinued the  work  by  taking  the  forward  and  back  bearing  at 
each  station,  as  indicated  in  the  notes. 

Remark.  The  first  column  is  unnecessary  and  may  be  omitted  provided 
it  is  understood  that  the  first  letter  of  a  fine  is  the  station  at  which  the 
compass  stands  when  the  bearing  is  taken.  In  case  there  are  side  shots  for 
locating  details,  these  may  be  entered  in  the  tabulated  form  as  in  transit 
surveying,  and  an  explanatory  sketch  made  on  the  right-hand  page — a 
method  resorted  to  sometimea  when  there  is  not  room  on  the  sketch.  In 
compass  survesdng,  however,  details  are  usually  located  by  linear  meas- 
urements only,  and  these  should  be  put  directly  on  the  sketch  itself. 

If  the  methods  of  keeping  notes  for  transit  surveys  have  been  mastered, 
it  is  an  easy  matter  to  adapt  them  to  compass  avarveys. 

370.  Sources  of  Error.     (1)  Ix)cal  attraction.     (2)  Errors  of 

observation.     (3)  Instrumental. 

The  first  source  of  error  is  annoying,  but  it  can  be  eliminated 
by  the  method  of  the  preceding  article.  The  second  includes 
errors  in  sighting  and  in  reading, — errors  from  this  source  can 
be  avoided  by  following  the  suggestions  in  Art.  366,  p.  294. 
The  chief  source  of  error  is  the  compass  itself.  Not  only  is  it 
difficult  to  read  the  needle  closely,  but  different  compasses  will 
often  give  different  bearings  for  the  same  line,  even  when  the 
instruments  seem  to  be  in  good  adjustment. 

Limits  of  precision.  The  maximum  error  of  bearing  should 
not  exceed  ten  minutes  if  a  good  compass  graduated  to  half- 
degrees  is  used.  Since  1  in  57.3  corresponds  to  1**,  this  is 
equivalent  to  1  in  344.  If  the  bearing  is  correct  to  five  min- 
utes, which  is  as  close  as  the  compass  can  be  read  with  a  reason- 
able degree  of  certainty,  the  error  is  1  in  688.  This  is  much 
less  accurate  than  the  results  which  may  be  reasonably  expected 
in  measuring  distances  with  a  chain.  (See  p.  49.)  Of  course 
better  results  are  often  obtained  with  the  compass,  but  a  higher 
limit  of  error  should  not  be  required. 

Rerunning  Old  Surveys.  The  chief  use  of  the  compass,  in 
many  communities,  is  in  rerunning  former  surveys,  especially 
in  finding  boimdaries  which  have  become  more  or  less  uncer- 
tain. The  original  surveys  were  made,  say,  from  40  to  100 
years  ago,  and  the  large  tree  or  the  pile  of  stones  which  once 
marked  a  comer  have  entirely  disappeared.  In  such  a  case 
the  surveyor  can  proceed  only  from  such  evidence  as  he  can 
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procure  by  examining  town  records,  and  by  searching  for 
existing  bounds.  If  the  owners  who  are  interested  will  not 
accept  his  results,  it  is  then  a  matter  for  the  coiuiis.  The  sur- 
veyor cannot,  of  course,  settle  a  boundary  dispute,  though 
many  persons  seem  to  think  so.  He  can,  however,  give  expert 
testimony,  and  frequently  he  can  persuade  the  disputants  to 
accept  a  boundary-line  which  he  has  run  out  without  resorting 
to  the  courts.* 

Assuming  that  the  lengths  and  bearings  of  the  boundaries 
are  known,  it  will  be  necessary  to  ascertain  the  change  in  the 
magnetic  decHnation  which  has  taken  place  since  the  original 
survey  was  made.  If  two  points  on  any  boundary-line  are 
still  preserved,  the  most  direct  method  is  to  sight  along  this 
line  and  to  change  the  declination  arc  until  the  bearing  agrees 
with  the  original.  When,  however,  only  one  point  on  a  bound- 
ary-line remains,  it  will  be  necessary  to  find  the  change  in 
ma^etic  decHnation  in  some  other  way.  This  change  may 
often  be  calculated,  provided  the  date  of  the  original  survey  is 
known.t  When  tracing  deeds  in  town  records,  however,  it  is 
not  easy  to  know  when  one  has  gone  far  enough  back,  i.e.,  to 
be  sure  that  one  has  reached  the  owner  for  whom  the  original 
survey  was  made.  When  the  date  has  been  ascertained  and 
the  change  in  the  magnetic  declination  has  been  figured,  the 
declination  arc  should  be  adjusted  accordingly,  or,  if  there  is 
no  provision  for  this  adjustment,  proper  allowance  should  be 
made  in  the  bearing  of  each  line.  The  importance  of  dating  a 
map  and  of  giving  the  corresponding  magnetic  decHnation  is 
obvious. 

♦  Tt  is  not  within  the  province  of  this  book  to  enter  upon  the  difficulties 
encountered  in  rerunning  old  surveys,  or  to  cite  cases  illustrating  the  exist- 
ing laws.  For  this  part  of  the  subject  the  student  is  referred  to  standard 
works  of  reference,  especially  to  a  Mamwl  of  Land  Surveying  by  F.  R. 
Hodsman,  Climax,  Mich.,  published  by  the  author. 

t  When  there  is  no  local  record  of  the  change  in  magnetic  declination 
from  year  to  year,  it  may  often  be  obtained  from  the  *'U.  S.  Declination 
Tables  and  Isogonic  Charts  for  1902"  by  L.  A.  Bauer,  published  by  the 
tJ.  8.  Gcyvemment  (Coast  and  Geodetic  Survey).  This  volume  embraces 
ome  8000  obMservations  on  magnetic  declinations  in  di£ferent  gtates. 


CHAPTER  XXV 

STADIA  SURVEYING 

In  this  chapter  the  principles  of  stadia  surveying  are  explained,  for- 
mulas for  reducing  inclined  sights  to  horizontal  and  vertical  distances 
are  derived,  methods  of  determining  the  stadia  interval  and  of  graduating 
rods  are  given,  methods  of  procedure  in  field  work  are  outlined,  sources  <» 
error  are  pointed  out,  and  limits  of  error  are  suggested. 


372.  Stadia,  Stadia-wires,  Stadia-rod.  The  stadia  method 
of  measuring  distances  *  consists  in  observing  how  much 
of  a  rod  held  at  one  end  of  a  line  appears  to  be  included  be- 
tween two  parallel  cross-hairs  (or  wires)  as  the  observer  looks 
through  a  telescope  at  the  other  end  of  the  line.  The  farther 
the  rod  from  the  telescope,  the  more  of  the  rod  will  be  included 
between  the  two  hairs.  Stadia-wires  in  the  telescope  of  the 
transit  or  the  level  are  horizontal,  one  above  and  one  below 
the  regular  horizontal  cross-hair.  In  some  telescopes  they  are 
a  fixed  distance  apart;  in  others  the  distance  can  be  changed, 
i.e..  the  stadia-wires  are  adjustable.  Stadia-rods  are  usually 
from  four  to  six  inches  wide  and  from  one  half  to  three  quarters 
of  an  inch  thick.  There  are  many  patterns  in  use,  the  main 
object  being  to  secure  graduations  on  the  face  of  the  rod  which 
can  be  read  easily  at  a  distance  and  yet  be  fine  enough  to  indi- 
cate definitely  and  accurately  the  distance  of  the  rod  from  the 
stadia-wires.  Leveling-rods  are  often  used  as  stadia-rods.  The 
term  stadia,  formerly  used  to  denote  the  rod,  is  now  used  to 
include  both  the  rod  and  the  wires;  it  also  stands  for  the  method 
itself:  thus,  for  example,  measuring  with  the  stadia,  i.e.,  rod 
and  wires,  and  measuring  by  the  stadia,  i.e.,  by  the  stadia 
method.  Telemeter  is  a  term  often  used  in  place  of  stadia. 
Tachymeter  is  sometimes  used  to  denote  a  transit  equipped 
with  stadia-wires,  vertical  circle,  and  telescope-level. 

*  Said  to  have  been  invented  in  1770  by  no  less  a  man  than  James  Watt. 
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373.  The  Principle  of  tlie  Stadia  is  based  on  the  geometric 
principle  that  in  two  similar  triangles  corresponding  sides  and 
altitudes  are  proportional.  In  practice  the  distance  of  a  stadia- 
rod  from  a  transit  or  a  level  is  foimd  by  observing  how  much  of 
the  rod  appears  to  be  exactly  included  between  the  two  stadia- 
wires  as  the  observer  looks  through  the  telescope.  For  exam- 
ple, if  at  100  feet  away  a  foot  of  the  rod  is  thus  included,  at  200 
feet  away  two  feet  of  the  rod  will  be  included,  at  300  feet  three 
feet,  and  so  on.  This  is  not,  however,  strictly  true,  for  a  con^ 
slant,  which  differs  slightly  for  different  telescopes,  must  be 
added  to  each  reading. 


y-t—^-f"-^ 


S^-5i??:--±---::-4-D-8+(ctr> 


Fig.  373  (a). 

(a)  Theory  involved.  Let  a  and  h  in  Fig.  373  (a)  represent  the 
position  of  the  upper  and  lower  stadia-wires.  Let  AB  be  the 
portion  of  a  stadia-rod  which  appears  to  be  exactly  included 
between  a  and  h.  Any  ray  of  light  from  A  which  passes  through 
F  wiU  become  parallel  to  the  axis  of  the  telescope  after  passing 
throug'i  the  lens.*  Since  all  rays  from  A  converge  at  a,  they 
may  be  treated  as  a  single  line  AFa*a.  Likewise  the  cone  of 
rays  from  B  gathered  by  the  lens  and  brought  to  a  focus  at  6 
may  be  considered  as  one  line  BFb'b. 

Let  a'  and  6'  be  the  points  where  the  oblique  rays  are  changed 
to  parallel  rays.  Let  c  be  the  distance  from  the  center  of  the 
instrument  to  the  center  of  the  object-glass — a  slightly  varia- 
ble quantity,  dependent  on  the  focusing.  Then  from  the  simi- 
lar triangles  a'Fb'  and  AFB,  a'b'if:  :AB:S,  or  S=4nX  ^^• 
Since  a'6'(=o6)  is  the  interval  between  the  stadia-wires  (denoted 
by  t),  and  since  AB=R=  the  rod -reading,  then  S=i-R.     The 

*  From  the  theory  of  lenses  explained  in  Part  III. 
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ratio  -r  for  any  given  telescope  is  constant,  therefore  the  dis- 
tance S  is  always  equal  to  the  rod-reading  multiplied  by  tliis 
ratio,  no  matter  where  the  rod  may  be  held.    But  the  distance 
usually  required  is  the  distance  from  the  rod  to  the  center  of 
the  instrument.     This  distance   D  =  S+(c-\-f).     The  quantity 
(c+f)  for  all  practical  purposes  is  a  constant  C.     The  quan- 
tities c  and  /  may  be  found  with  much  greater  accuracy  thaji 
is  necessary,  as  follows:    (1)  Focus  on  a  point  100  ft.  or  more 
away.     (2)  Measure  from  the  center  of  the  object-glass  to  tlie 
center  of  the  instrument  to  find  c.     (3)  Measure  from  the  cen- 
ter of  the  object-glass  to  the  cross-hairs  to  find  /.     (Since  the 
cross-hairs  are  approximately  at  one  of  the  principal  foci  or  as 
far  behind  the  lens  as  the  other  principal  focus,  F  is  in  front 
of  the  lens.)*     (4)  Add  these  two  measurements  to  find  the 
total  correction  C.      Notice  that  the  constant  C,  once  deter- 
mined, is  the  same  for  all  readings;   it  is  not  twice  as  much  for 
200  ft.,  three  times  as  much  for  300  ft.,  and  so  on. 

(b)  Remark.  It  makes  little  difference  whether  the  telescope  is  focused 
on  a  distant  point  or  on  a  point  a  few  feet  away,  since  the  extreme  i^i^ge  of 
the  object-glass  slide  is  less  than  one  inch  for  the  average  telescope.  This 
extreme  variation  in  the  distance  c  may  be  ignored  when  it  is  considered 
that  stadia  readings  are  usually  taken  to  the  nearest  foot.  Moreover,  in 
changing  the  focus  from  say  100  ft.  to  the  longest  distance  ever  read,  the 
variation  is  only  a  very  small  fraction  of  an  inch. 

The  total  correction  C  varies  from  about  0.9  ft.  for  a  short  telescope  to 
about  2.5  ft.  for  the  telescope  of  an  18''  wye-level.  For  transit  work  it  is 
usually  close  enough  to  add  an  even  foot  to  each  reading. 

374.  To  Test  the  Stadia  Interval.  The  stadia-wires  in 
most  instruments  are  so  placed  that  -4  =  100;   hence  when  one 

foot  of  the  stadia-rod  is  intercepted  the  rod  is  (100+ C)  feet  from 
the  center  of  the  instrument;  when  2  feet  of  the  rod  are  inter- 
cepted it  is  (200 -hC)  feet  away,  and  so  on.  The  stadia  interval 
and  the  value  of  C  (determined  as  explained  in  the  preceding  ar- 
ticle by  measuring  the  telescope)  may  both  be  tested  as  follows: 
Test.  Set  up  the  instrument  on  level  ground.  Hold  the  rod 
at  such  a  distance  away  that  the  stadia-wires  intercept  a  foot 
of  it.  Suppose  this  distance,  measured  with  the  tape,  is  101.2 
feet.  This  would  indicate  that  the  constant  C  is  1.2  feet.  To 
make  sure,  however,  hold  the  rod  so  that  two  feet  are  intercepted. 
The  distance  as  measured  should  be  201.2  (not  202.4).     If  three 

*  From  the  theory  of  lenses  explained  in  Part  HI. 
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feet  are  intercepted,  the  distance  as  measured  should  equal 
301.2.  A  series  of  such  observations  should  be  made  before 
beginning  any  important  work  with  the  stadia.     (See  p.  304.) 

375.  To  Adjust  the  Stadia-wires.  When  stadia-wires  are 
movable  they  may  be  adjusted  as  follows:  (1)  Set  two  targets 
on  a  leveling-rod  exactly  one  foot  apart,  and  hold  the  rod  at 
a  distance  of  (100  4- C)  ft.  from  the  center  of  the  instrument. 

(2)  Sight  at  the  rod,  moving  the  telescope  up  or  down  with 
the  slow-motion  screw  until  the  middle  horizontal  hair  is  exactly 
half-way  between  the  two  targets.  (3)  Make  one  stadia-wire 
bisect  one  target  and  the  other  wire  bisect  the  other  target  by 
turning  the  screws  which  control  the  stadia-wires.  Watch  the 
middle  hair  to  see  that  it  does  not  move  off  the  middle  point, 
and  if  it  does  bring  it  back  again.  (4)  Hold  the  rod  at  (200  +  C) 
ft.  from  the  instrument,  and  test  each  stadia -wire  separately  to 
see  if  it  bisects  one  target  when  the  middle  hair  bisects  the 
other.  (5)  Test  both  hairs  at  the 'same  time  by  setting  the 
targets  two  feet  apart.  (6)  Repeat  the  test  for  the  wires  at 
(400  +  C)ft. 

Practical  auapesHons.  (1)  The  method  just  described  makes  the  stadia- 
wires  equal  distances  from  the  middle  cross-hair.  This  is  not  essen- 
tial so  long  as  the  interval  between  the  stadia-wires  is  correct,  unless,  as 
is  sometimes  the  case,  distances  are  measured  by  observing  the  space 
included  between  one  stadia-wire  and  the  middle  cross-hair.  (2)  In  place 
of  the  regulation  targets  it  may  be  more  convenient  and  more  accurate  to 
make  targets  of  cardboard  having  well-defined  ink-lines  at  half-foot  inter- 
vals, or  three  separate  targets  to  be  fastened  to  the  rod  at  required  intervals. 

(3)  Notice  that  rods  may  be  constructed  and  stadia- wires  spaced  so  that 
units  other  than  feet  may  be  used,  as,  for  example,  units  in  the  metric 
system.  (4)  One  advantage  of  the  standard  interval  is  that  the  ordinary 
leveling-rod  may  be  used  as  a  stadia-rod  when  desired.  (5)  The  screws 
for  adjusting  the  stadia-^^ires  are  usually  two  capstan- headed  screws,  close 
to  the  four  screws  for  adjusting  the  cross-hair  ring.  (See  Adjustment  of 
Cross-hairs  in  the  chapter  on  Adjustments.)  (6)  The  middle  hair  should 
never  be  disturbed  in  adjusting  stadia-wires, — ^it  is  supposed  to  be  in  ad- 
justment. 

376.  Fixed  Stadia-wires.  For  the  most  accurate  work 
stadia-wires  should  be  non-adjustable.  Most  instruments  hav- 
ing fixed  stadia-wires  are  intended  to  be  used  with  standard 
rods  graduated  to  feet.  A  series  of  tests  will  often  show,  how- 
ever, that  though  the  maker  has  fixed  the  interval  4=  100  with 

accuracy  sufficient  for  ordinary  work,  yet  in  order  to  obtain 
results  better  than  say  ^,  either  (1)  a  special  rod  must  be 
graduated  to  suit  the  instrument,  or  (2)  an  interval  factor  must 
be  used  for  correcting  readings. 
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(a)  To  graduate  the  rod.  (1)  Establish  a  point  F  a  distance 
C  in  front  of  the  instrument.  (2)  Measure  accurately  100  ft., 
200  ft.,  300  ft.,  and  400  ft.  from  this  point  F.  (3)  Hold  a  rod 
with  cardboard  targets  at  each  of  the  above  points  in  succes- 
sion, and  determine  as  accurately  as  possible  what  interval  on 
the  rod  corresponds  to  100  ft.  (4)  Lay  off  these  intervals  on 
the  rod  as  if  they  were  feet,  and  again  test  at  100  ft.,  200  ft., 
300  ft.,  and  400  ft.  (5)  When  the  intervals  are  correct,  the 
subdivisions  may  be  painted  on,  according  to  any  desired  pat- 
tern. 

(6)  The  interval  factor.  When  it  is  desired  to  use  a  rod  with 
standard  graduations,  and  the  fixed  stadia-wires  are  found  to 
be  sUghtly  in  error,  it  will  be  necessary  to  multiply  each  read- 
ing by  a  constant  factor  to  reduce  it  to  the  true  reading.  This 
interval  factor  may  be  determined  by  a  series  of  tests  similar 
to  that  given  for  graduating  the  rod. 

lUuBtraticn.  Suppose  that  the  averse  intercept  on  a  rod,  as  determined 
from  a  number  of  observations  at  different  distances,  repeated  several 
times  is  1.0042  ft.,  then  all  distances  read  would  be  too  long  and  should  be 
reduced  by  dividing  by  1.0042.  If  the  distances  are  inclined,  this  must 
be  done  before  correcting  for  the  inclination.  If  the  interval  is  too  short, 
say  0.9981,  then  all  readmgs  are  divided  by  0.9981. 

{c\  Practical  auggeationa.  (1)  Fixed  stadia- wires  are  not  likely  to  be 
displaced,  and  for  this  reason  are  used  by  many  surveyors  in  preference 
to  adjustable  wires,  especially  where  resiilts  better  than  ^ha  are  desired. 
The  adjustable  wires  are  apt  to  change  their  distance  apart  with  every 
change  of  te-nperature.  (2)  When  results  no  better  than  gio  are  required 
it  usually  will  be  found  unnecessary  to  use  either  a  special  rod  or  an  inter- 
val factor.  (3)  For  very  accurate  work  the  tests  for  graduating  a  rod  or 
for  determining  the  interval  factor  should  be  made  not  at  any  one  hour  of 
the  day,  but  during  all  hours  of  field-work,  so  as  to  approximate  as  closely 
as  possible  to  the  average  conditions.  (Seep.  313.)  (4)  It  is  probably 
better  in  an  extended  survey  to  use  a  standarci  rod  and  t  o  correct  readings 
by  the  interval  factor  than  to  use  special  graduations,  for  the  following 
reasons:  Subsequent  tests  of  intervals  can  be  made  without  repainting  or 
regraduating  the  rod;  rods  can  be  interchanged  among  transits  or  used 
with  new  transits;  rods  can  be  used  for  leveling  without  computation; 
leveling-rods  can  be  used  as  stadia-rods;  rods  can  be  used  by  observers 
having  different  personal  equations. 

377.  Method  of  Reading  the  Rod.  The  reading  of  the  rod 
is  learned  more  easily  from  actual  practice  than  from  any 
printed  directions.  The  main  object  is  to  determine  as  accu- 
rately as  possible  how  much  of  the  rod  is  included  between  the 
stadia-wires.  In  doing  this,  sight  at  a  point  on  the  rod  about 
as  far  above  the  ground  as  the  telescope  is  above  the  ground. 
Move  the  telescope  slightly  up  or  down  imtil  either  the  upper 
or  lower  stadia-wire  exactly  strikes  the  nearest  even-foot  mark 
on  the  rod,  and  then  observe  how  far  from  that  even-foot  mark 
the  other  stadia-wire  strikes.     The  graduations  on  the  rod  should 
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be  read  in  terms  of  distance.  Thus  one  foot  on  the  rod  stands 
for  100  feet  in  distance,  i  of  a  foot  stands  for  20  feet,  ^  of  a 
foot  for  2  feet,  and  so  on.  Be  careful  not  to  mistake  the 
regular  horizontal  cross-hair  for  a  stadia-wire;  do  not  use  the 
former  at  all,  except  in  special  cases.  In  some  instruments  this 
danger  is  avoided  by  placing  the  stadia-wires  so  that  when  they 
are  visible  (in  focus)  the  regular  horizontal  hair  is  invisible,  and 
vice  versa. 

(o)  Common  mistakes.  (1)  To  read  between  the  stadia-wire  and  middle 
cro69-hair,  thus  getting  half  the  correct  distance.  Avoided  by  habitually 
estimating  distances  by  eye,  and  thus  checking  the, stadia  reading*  also 
by  purposely  reading  and  entering  the  half-distance  in  the  notes,  and  then 
reading  and  entering  the  full  distance  independently.  (2)  Omitting  an 
even  hundred  feet  or  multiples  of  ten  feet,  as  189  ft.  in  place  of  289,  or 
129  in  place  of  139. 

Practice.  Before  beginning  the  regular  stadia  survey,  take  a  number 
of  sif^hts  varying  from  50  ft.  or  less  to  300  ft.  or  more,  and  check  each 
reading  by  measuring  with  a  tape. 

378.  Distance  and  Elevation  when  the  Line  of  Sight  is 
Inclined.  In  the  preceding  articles  it  has  been  assumed  that 
the  line  of  sight  in  each  case  has  been  nearly  horizontal.  In 
hilly  country  it  is  necessary  to  incline  the  telescope.  For  such 
sights  two  corrections  are  involved:  (1)  If  the  line  of  sight  is 
inclined,  the  distance  obtained  will  correspond  to  the  distance 
found  by  measuring  on  a  slope,  and  this  distance  must  be  re- 
duced to  a  horizontal  distance.  (2)  If  the  rod  is  held  plumb 
(vertical),  as  it  usually  is,  it  is  not  perpendicular  to  the  line  of 
sight,  hence  more  of  the  rod  appears  to  be  included  between  the 
wires  than  would  appear  were  it  perpendicular  (out  of  plumb). 
This  false  reading  must  be  reduced  to  the  true  reading.  Both 
corrections  depend  upon  the  vertical  angle;  hence,  unless  the 
notes  are  plotted  in  the  field,  it  is  usually  sufficient  to  record 
the  vertical  angle  and  the  stadia  reading  as  it  actually  appears 
on  the  rod.  The  reductions  are  then  made  in  the  office  by  the 
use  of  tables  or  diagrams  or  slide-rule,  based  upon  the  formula 
derived  in  the  next  article.  It  will  also  appear  that  the  stadia 
method  is  useful  for  determining  elevations  by  trigonometric 
leveling. 

379.  Inclined  Readings.  In  Fig.  379,  let  the  line  of  sight 
be  inclined  at  an  angle  a.  If  the  rod  were  held  perpendicular 
to  the  line  of  sight  the  stadia  reading  6'e'  would  give  the  dis- 
tance Fnif  which,  when  added  to  the  constant  C,  would  be 
equal  to  the  distance  Bm,  This  could  be  reduced  to  the  re- 
quired distance  BE  by  multiplying  Bm  by  cos  a.    But  it  is  not 
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practicable  to  incline  the  rod  until  it  is  perpendicular  to  tbp 
line  of  sight,  and  even  if  it  were  complications  would  arise  in 
getting  elevations,  hence  the  general  practice  is  to  hold  the  rod 
plumb.  This  introduces  another  error,  since  it  makes  the  read- 
ing  be  longer  than  the  true  reading  6'e'.     The  angle   bb'm  is 


FiQ,  379. 

approximately  a  right  angle,  and  bmb'=^a,  hence  be  cos  a^h'e^ 
(very  nearly).  In  other  words,  the  distance  actually  read  must 
be  multiplied  by  cos  a  to  get  Fm.    Hence 

Bm=C4-Fw=C+4(6ccosa).       •    .    •     (1) 
But  BE^Bm  cos  a,  hence 


B^=  C  cos  a + Irbe  cos'  o, 


....     (2) 

» 

If  R  represents  the  actual  reading  yrb^  t  then  equation  (2) 
may  be  written: 

Horizontal  distqnce  :  BE=  H=^R—B  sin'  a + C  cos  a.    .     (3) 

In  finding  elevations,  the  vertical  distance  Em  is  required.    Em = 
Bm  sin  a.    Substituting  the  value  of  Bm  from  equation  (1), 

Em='  V=-T^e(cos  a  sin  a)+C  sin  a; 


and  remembering  that 
we  get 


cos  a  sin  a=  }  sin  2a 
Vertical  distance  ;  F^^  i^  i  sin  2a+C  sin  a.    •    •    (4) 
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380.  The  Reduction  of  Inclined  Stadia   Readings.    In 

using  formulas  (3)  and  (4),  keep  in  mind  the  fact  that  C  cos  a 
is  practically  equal  to  C  for  any  vertical  angle  likely  to  occur 
in  practice,  and  that  C  sin  a  is  a  negligible  quantity.  The 
quantities  to  be  found  therefore  are  R  sin*  a  for  horizontal  dis- 
tances, and  Ri  sin  2a  for  vertical  distances.  These  reductions 
are  usually  made  in  the  office,  although  ifr  will  be  necessary 
occasionally  to  reduce  distances  in  the  field.  The  use  of  stadia 
reduction  tables  or  geometrical  diagrams  greatly  facilitates  the 
work.     (See  chapter  on  Working  up  Field  Notes,  Part  II.) 

381.  To  Measure  Horizontal  Distances  with  the  Stadia. 
(a)  On  level  ground.  Keeping  the  telescope  as  nearly  horizontal 
as  possible,  bring  one  of  the  stadia-wires  to  coincide  with  the 
nearest  even-foot  mark  on  the  rod,  and  read  the  other  wire  in 
terms  of  distance,  as  directed  on  p.  305. 

(&)  On  sloping  ground.  (1)  Sight  at  a  point  on  the  rod  about 
as  far  above  the  ground  as  the  telescope  is  above  the  groimd. 
(2)  Bring  a  stadia-wire  on  the  nearest  foot-mark,  and  read  and 
record  the  distance  as  before.  (3)  Read  and  record  the  ver- 
tical angle  which  the  line  of  sight  makes  with  the  horizontal. 
(4)  The  true  distance  may  be  reduced  in  the  office  or  in  the 
field. 

(c)  Practical  suggegtians.  (1)  It  is  not  essential  to  make  one  wire  bisect 
an  even-foot  mark — ^it  merely  simplifies  reading  the  rod._  Clamp  the  tele- 
scope and  use  the  slow-motion  screw  when  the  stadia-wire  is  nearly  on  the 
mark.  (2)  When  the  distance  between  two  stations  is  too  great  for  accu- 
rate reading,  assume  a  point  about  midway  between  the  two,  read  the 
distance  to  this  point  from  each  station,  and  add  the  two  readings  The 
objection  to  this  method  is  that  no  check  on  the  total  distance  can  be  had 
by  two  readings,  one  from  each  end  of  the  line. 

(d)  Practical  gtieatians.  (1)  How  accurately  can  diatancea  be  measured  f 
This  depends  upon  the  magnifsdng  power  of  the  telescope,  the  fineness  of 
the  staoia-wires,  the  graduations  on  the  rod,  the  atmospheric  conditions, 
and  the  length  of  sight. 

With  the  average  telescope  and  atmo^heric  conditions  the  error  in  a 
30O-ft.  sight  should  not  exceed  1.0  ft.  with  high-grade  instnmients  and 
favorable  conditions,  sights  up  to  700  ft.  may  be  taken  with  an  average 
error  of  less  than  0.5  ^*-  or  ^,1^,  Even  better  results  have  been  obtained. 
(See  also  htmiU  of  Error,  p.  313.)  ,  ^, 

(«)  Haw  loruj  sights  should  he  taken  f  This  depends  not  only,  on  the  con- 
ditions mentioned  above,  but  also  upon  the  accuracy  regmred  tor  the 
work  in  hand.  In  ordinarv  work  bept  results  are  obtamed  when  the  lengtb 
of  sight  does  not  exceed  300  ft.  to  400  ft.  At  greater  distances  the  stadia- 
wires  win  appear  coarse  as  compared  with  the  rod  Ki^diiations.  Ucca- 
fnonaHy,  however,  when  the  map  is  to  be  plotted  to  sroaU  scale  and  the 
limits  of  error  are  comparatively  large,  very  much  longer  sights  may  De 
taken — sights,  for  example,  of  2000  ft.  _  .     ,  ,  xv    »««„ 

(f)  When  may  veHicat  angles  be  ignored  f  This  depends  upon  the  accu- 
racy required  for  the  work  in  hand.  The  longer  the  sight  the  greater  the 
absolute  but  not  the  relative  error.  'The  following  table  gives  approa^ 
mate  values  of  the  errors  which  will  result  for  sights  from  100ft.  to  500  ft., 
if  vertical  ang^s  from  1**  to  5**  are  ignored. 
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100 

200 

300 

400 

500 

1« 

0.03 

0.06 

0.09 

0.12 

0.15 

2» 

0.1 

0.2 

0.4 

O.b 

0.6 

3^ 

0.3 

0.6 

0.8 

1.1 

1.4 

4^ 

0.6 

1.0 

1.6 

2.0 

2.5 

6» 

0.8 

1.6 

2.3 

3.0 

3.8 

If,  for  example,  300  ft.  is  the  longest  sight  taken,  the  maximum  error 
involved  by  ignoring  angles  of  3"  and  less  is  0.8,  while  for  a  500-foot  sight 
it  is  1.4.  For  300-ft.  sights  and  under  the  maximum  error  involved  by 
ignoring  an^es  up  to  '5°  is  2.3  ft.  Hence  the  conmion  rule  that  in  ordi- 
nary stadia-work,  when  sights  average  from  150  ft.  to  300  ft.,  vertical 
angles  up  to  3°  may  be  ignored;  and  in  some  work  the  limit  is  put  at  5°. 

382.  To  Obtain  Vertical  Distances  or  Elevations.  There 
are  two  methods, — one  is  used  when  the  elevation  of  one 
point  is  required  with  reference  to  another  point  very  near  the 
instrument,  as,  for  example,  the  station  under  the  plumb-bob; 
the  other  is  used  when  the  point  of  reference  is  not  near  the 
instrument,  as,  for  example,  some  bench-mark  too  far  away  for 
the  first  method  to  be  used.  The  two  methods  are  explained 
on  pp.  244  and  264;  they  differ  only  in  the  method  of  setting 
the  target  at  the  start. 

(a)  Reference-point  very  near  the  instrument.  (1)  Stand  the 
rod  up  beside  the  transit  with  its  base  on  a  level  with  the 
point  of  reference,  and  set  the  target  at  the  height  of  the 
supporting  axis,  or  opposite  the  center  of  the  object-glass  when 
the  telescope  is  level.  (2)  Hold  the  rod  on  the  point  of  re- 
quired elevation,  direct  the  telescope,  and  read  the  distance  as 
usual,  choosing  that  even-foot  mark  which  brings  the  middle 
hair  nearest  to  the  target  center.  (3)  Make  the  middle  hair 
exactly  bisect  the  target,  signal  to  the  rodman  to  move  to  the 
next  point,  read  and  record  the  vertical  angle.  (4)  The  eleva- 
tion may  be  reduced  in  the  field  or  in  the  office. 

(6)  Reference-poini  not  near  the  instrument.  (1)  Clamp  the 
telescope  in  a  horizontal  position,  bringing  the  bubble  ex- 
actly to  the  center  by  the  slow-motion  screw.  (2)  Backsight 
on  the  bench-mark  or  point  of  reference,  setting  the  target  so 
that  it  is  bisected  by  the  middle  hair.  (3)  Without  disturbing 
the  target,  proceed  exactly  as  directed  in  the  preceding  parar 
graph. 

(c)  PracHcdl  stiggestians.  Once  the  target  has  been  set,  any  number  of 
elevations  may  be  taken,  but  it  is  very  essential  to  state  demiitely  in  the 
field-notes  what  point  is  taken  as  a  reference-point;  otherwise  it  may  be 
uncertain  which  of  the  two  methods  was  used. 

(d)  Practical  questions.  How  accurately  can  elevations  be  obtained  by  this 
methodf  This  depends  upon  the  accuracy  with  which  the  vertical  ansle 
is  taken,  the  magnitude  of  that  angle,  the  accuracy  with  which  the  in- 
clined distance  to  the  rod  is  measurea,  and  the  amount  of  that  diatanoe. 
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The  following  tables  give  the  errors  in  elevation  due  to  angular  errors  of 
2',  6',  and  16'  for  100-ft.  sights,  and  also  the  error  due  to  an  error  of  one 
foot  in  distance  for  different  angles.  Aneles  of  1^  and  26*^  are  taken  be- 
cause they  are  the  two  extremes,  vertical  angles  rarely  exceeding  26^  in 
practice — 14°  is  approximately  half-way  between  the  two.  The  extreme 
error  in  vertical  angles  is  not  likely  to  exceed  16'. 

Errors  in  Elevation  per  100  ft.  Errors  in  Elevation  due  to  an  Error 
due  to  Errors  of  2',  6',  and  16'  of  1  ft.  in  Distance 

1©  14©  26»  1**  14"»  26"» 

2r         0.06        0.05        0.04  0.017  0.235  0.394 

&         0.18        0.16        0.11 
16'         0.47        0.41         0.29 

Notice  that  the  larger  the  angle  the  leas  the  error  due  to  angular  error, 
and  the  greater  the  error  due  to  linear  error.  Thus  an  error  of  16'  results 
in  an  error  of  0.47  ft.  if  the  angle  is  1**,  while  it  is  only  0.29  f*.  if  the  angle 
is  26°.  On  the  other  hand,  an  error  of  one  foot  in  distance  causes  an 
error  of  only  0.017  ft.  if  the  angle  is  1**,  but  an  error  of  0.394  if  the  angle 
is  26°. 

As  vertical  angles  can  be  read  easily  to  within  1'  and  distsmces  to  within 
0.5  ft.,  it  follows  that  for  a  100-ft.  sight  the  maximiun  error  need  not 
exceed  from  0.2  ft.  to  0.3  ft.,  and  will  usually  be  less.  Thus,  for  errors  of 
2'  and  of  1  ft.,  the  total  error  for  a  1°  anide  is  0.06  +  0.009=0.069  ft., 
while  for  a  26°  angle  it  is  0.04 + 0. 197 = 0.237  ft  (See  also  Ldmits  of  Error, 
p.  314.) 

(c)  How  close  shotUd  distances  and  vertical  angles  be  measuredt  If  the 
vertical  angle  is  estunated  to  the  nearest  15'  the  angular  error  will  not 
exceed  6'  or  7',  and  if  the  stadia  is  read  to  the  nearest  foot  the  linear 
error  will  not  exceed  ^  ft.  Hence  for  a  100-ft.  sight  the  total  error  of  ele- 
vation due  to  errors  of  6'  and  1  ft.  is  for  a  vertical  angle  of,  say,  14°,  0.16  + 
0.118=0.28  ft.,  or  about  O.S  ft.;  for  26°  it  is  0.11+0.19  =  0.5  ft.  For 
errors  of  6'  and  1  ft.,  the  total  error  for  14°  is  0.16  +  0.236  =  0.39,  or  about 
0^  ft.  For  a  300-f t.  sight  errors  of,  say,  6'  in  a  14°  angle  and  1  ft.  in  distance 
would  result  in  a  total  error  in  elevation  of  about  0.48  +  0.236=0.72  ft. 

(/)  In  most  stadia  work,  especially  in  topographic  surveying,  elevations 
are  required  to  the  nearest  loot  only,  and  hence  for  such  work  it  is  not 
necessary  to  read  the  vernier  for  vertical  angles:  estimate  to  the  nearest  15', 
reading  directly  from  the  vertical  circle  itself.  Head  distances  to  the  nearest 
fool.  It  is  seen  from  the  above  that  this  should  give  elevations,  as  a  rule, 
to  within  0.5  ft.     (See  also  Limits  of  Error,  p.  314.) 

383,  Stadia  Surveys  are  those  in  which  the  stadia  is  used 
for  linear  measurements  instead  of  the  chain  or  tape.  This  is 
the  only  difference.  The  same  methods  are  used  for  running 
transit  lines  (Chapter  XII)  and  for  locating  details  ((Chapter 
XIII),  as  in  other  kinds  of  surveys,  and  the  suggestions  for 
choosing  stations,  running  transit  lines,  and  carrying  on  field- 
work  given  in  Chapter  XIV  hold  good.  Additional  suggestions 
pertinent  to  stadia  surveying  are  given  below. 

Practical  suggestions,  (1)  Always  read  the  distance  between  stations 
twice — once  when  the  transit  is  at  one  station,  a  second  time  when  the 
transit  has  been  moved  to  the  other  station.  Record  both  readings,  even 
if  they  agree.  (2)  Important  side  shots  may  be  checked  by  taking  a  half 
reading,  using  the  middle  hair  and  a  stadia- wire,  and  then  a  full  reading, 
using  the  two  stadia- wires.  Enter  both  readings  in  the  notes.  (3)  Since 
the  stadia  method  is  best  adapted  for  comparatively  rough  work,  and 
since  such  work  is  not  usually  done  in  the  city,  but  outside  in  places  where 
local  attraction  is  not  so  likely  to  exist,  the  azimuth  method  (pp.  120  and 
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166)  is  a  favorite  method  for  stadia  surveying.  (4)  When  taking  arimuths 
or  angles  to  important  points,  such  as  transit  stations,  hold  the  rod  edge-  . 
wise  towards  the  transit.  (5)  Keep  in  mind  the  limits  of  error,  and  do 
not  waste  time  on  needless  refinements  in  setting  up,  leveling  up,  and 
manipulating  the  transit.  (6)  Read  the  stadia  first,  then  signal  to  the 
rodman  to  move  to  the  next  point,  and  read  the  vertical  ahgle  while  he 
Is  going  there.  ^    . 

384.  Forms  of  Notes.  The  forms  of  notes  given  in  Chapter 
XV  may  be  modified  easily  to  suit  stadia  surveying.  The  prin- 
cipal addition  is  a  column  for  vertical  angles,  and  frequently 
another  column  for  corrected  distances.  When  elevations  are 
taken,  columns  are  also  added  for  vertical  distances  and  eleva- 
tions. When  these  last  two  columns  and  the  corrected  dis- 
tances are  computed  in  the  office,  the  values  may  be  inserted 
in  red  ink.  The  form  of  notes  will  depend  largely  upon  whether 
the  azimuth  method,  the  angle  method,  or  some  other  method 
of  field-work  is  used.  Some  of  the  forms  of  tabulating  notes 
are  given  below,  and  these  forms  will  suggest  others.  The 
notes  shown  are  those  on  the  left-hand  page  of  the  note-book, 
and  it  is  \mderstood  that  these  are  supplemented  by  sketches 
and  explanatory  notes  not  shown  here,  but  placed  on  the  oppo- 
site page  in  the  field  book. 

Form  10 


Line 

AB 
A  2 


Azimuth 

J29'28' 
I64'54' 


Stadia 
Distance 

286.0 

121.5 


Vertical 
Angle 

■f8'30' 


Corrected  Distances 


Horizontal 
279.8 
119.4 


Vertical 

624.76 
-^41.8] 
567.25 
-15.  7 


(a)  Interpretation,  Form  10  is  similar  to  Form  7,  p.  174. 
Unless  the  notes  are  plotted  in  the  field  the  last  two  columns 
may  be  worked  up  in  the  office.  The  bearing  S.  50*>  30'  E. 
checks  the  azimuth  129°  28'  as  closely  as  the  needle  can  be 
read;  this  bearing  was  recorded  because  A 5  is  a  line  between 
stations,  and  it  is  well  for  the  notes  to  indicate  that  the  azi- 
muths of  important  lines,  such  as  transit  Hues,  were  checked  by 
needle-readings.  The  azimuth  of  A2  may  have  been  checked 
also  by  glancing  at  the  needle,  but  it  was  hardly  worth  while 
to  record  this  bearing,  as  A2  is  a  side-shot. 
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The  elevation  of  the  bench-mark  from  which  the  rod  was  set 
(582.95  ft.,  see  Fonn  12)  should  be  entered  in  the  notes — on 
the  right-hand  page  if  there  Ss  no  place  for  it  on  the  left-hand 
page.  The  distance  286.0  appears  in  the  notes  only  once,  but 
if  the  notes  were  continued  to  include  those  taken  at  Sta.  B 
the  checjc  value  woidd  be  recorded  as  BA,  since  the  stadia 
reading  is  taken  from  B.  The  elevations  624.76  and  567.25  for 
B  and  2  respectively,  if  worked  out  in  the  office,  would  better  be 
entered  in  red  ink. 

Form  11 


Angle 


Line 


Stadia 
Distance 

286.0 
121. 5 


Vertical 
Angle 

^8''30' 


Corrected 
Distance 

279.8 
119.4 


(6)  Interpretation,  This  fonn  is  the  preceding  form  modified 
to  suit  the  direct-angle  method  (pp.  120  and  154).  Vertical 
distances  are  not  shown  in  the  notes.  When  these  are  desired, 
another  column,  corresponding  to  the  last  column  in  the  pre- 
ceding form,  may  be  added;  space  for  this  column  may  be 
gained  by  omitting  the  third  column,  provided  it  is  understood 
that  the  last  two  letters  in  the  first  colunm  indicate  the  line 
measured. 

Form  12 


fb/nf^ 
Sighted 


Aiimutli 


Vertical 
Angle 


Transit  at. Sly  ft  on  A . 
heldoh  B.M.No.24 


e 
z 


S£0^30iE 

izd^'ss' 

I84''54' 


^6^30- 
-7'ZO' 


Distance 


Vertical 
Distance 


Elevatiorj 


Target  \et  for  ritd 
El  emtio ry  582.95 

279.8 

+41.81 


286.0 
119.4 
121.5 


■15.7 


624.76 
567.25 
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(fc)  Interpretation.  The  magnetic  bearing  is  entered  directly 
ftbove  the  corresponding  azimuth,  and  the  corrected  distance 
directly  above  the  stadia  distance.  This  leaves  the  last  two 
columns  for  vertical  distances  and  elevations.  In  topographic 
surveying,  where  a  large  number  of  side  shots  are  taken  in 
locating  contours,  this  is  an  excellent  form.  The  station  occu- 
pied and  the  elevation  of  the  reference-point  are  carefully  noted 
at  the  head  of  the  page.  A  sketch  is  put  on  the  opposite  page 
with  points  numbered  (usually  in  the  order  in  which  the  side 
shots  are  taken),  and  the  names  of  party,  explanatory  notes, 
and  all  data  which  may  be  of  future  use  complete  the  notes. 

As  a  rule,  the  azimuth  to  some  transit  station  vnll  he  the  first 
entry  after  setting  up,     (Why?     See  precautions,  p.  152.) 

(d)  Sketches,  The  sketches  are  fully  as  important  in  stadia 
surveying  as  in  other  kinds  of  surveying,  because,  as  a  rule, 
the  stadia  is  used  when  a  large  number  of  points  are  located 
from  each  station,  and  the  relative  position  of  these  points 
should  be  clearly  shown.  Suggestions  for  making  sketches  have 
been  given  on  p.  167.  In  some  kinds  of  work,  notably  tojK)- 
graphic  surveying,  notes  are  often  plotted  in  the  field  (p.  347). 

38S.  Sources  of  Error  in  Stadia  Surveying.  In  addition 
to  the  errors  of  ordinary  transit  work  (Chapter  X),  stadia-work 
is  subject  to  many  of  the  errors  discussed  in  connection  with 
leveling  (Chapter  XXII).  For  example,  it  is  important  that 
the  rod  should  be  plumb,  that  the  rod  and  v^res  should  be  in 
focus,  and  that  ihe  rod  should  be  correctly  graduated.  The 
errors  discussed  here  are  those  peculiar  to  stadia-work. 

1 .  Error  due  to  change  in  the  wire  interval.  Best  avoided  by 
having  fixed  stadia-wires,  which  are  not  affected  by  changes  of 
temperature  and  are  not  easily  displaced. 

2.  Mistakes  or  blunders  in  reading  the  rod.  Avoided  by  esti- 
mating the  distance  by  eye;  by  taking  a  half -reading  and  then 
a  full  reading;  and  hj  reading  from  each  end  of  a  traverse  Une. 

3.  Error  in  estimating  the  space  on  the  rod  intercepted  by  the 
stadia-wires.  This  error  is  affected  by  the  magnifying  power  of 
the  telescope,  the  fineness  of  the  stadia-wires,  the  character  of 
the  rod  graduations,  the  length  of  sight,  and  atmospheric  con- 
ditions. For  very  long  sights  a  rod  with  two  targets  will  re- 
duce the  error;    for  short  sights  a  rod  without  targets  is  better. 

4.  Error  in  determining  the  stadia  interval.  This  is  one  of  the 
most  important  sources  of  error  because  it  is  cumulative.  As 
shown  in  the  next  paragraph,  atmospheric  conditions  affect  the 
accuracy  with  which  the  stadia  interval  may  be  determined. 

^  5.  Refraction.    Mr.  L.  W.  Smith  of  the  University  of  Wiscon- 
sin has  shown    that   *' differential    refraction"  (i.e.,  unequal 
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refraction  due  to  varying  densities  in  different^  strata  of 
air)  is  a  source  of  cumulative  error  in  stadia  -  work.* 
The  stratum  of  air  within  three  or  four  feet  of  the  ground 
is  of  greater  density  than  the  air  above.  Between  the 
hours  of  7.00  a.m.  and  9.00  a.m.,  and  between  the  hours  of 
2.30  P.M.  and  7.00  p.m.,  this  difference  in  density  is  compara- 
tively slight,  and  does  not  seriously  affect  stadia  readings  ;  but 
during  the  midday  hours  of  from  9.00  a.m.  to  2.30  p.m.  the  den- 
sity of  the  lower  stratum  is  increased  upward  by  the  radiation 
of  the  earth^s  heat.  The  depth  of  this  stratum  varies  for  dif- 
ferent hours  and  seasons,  but  is  never  over  four  feet.  A  ray 
of  light  above  this  stratum  is  not  greatly  affected,  but  a  ray  of 
Ught  passing  through  it  is  bent  upward.  Hence  the  space  on  a 
rod  included  between  the  upper  and  lower  rays  is  less  at  noon 
than  in  the  morning,  and  the  error  is  enough  to  seriously  affect 
stadia-work  where  results  of,  say,  y^  or  better  are  desired. 
Hence  the  following: 

Practical  conclusions,  (1)  A  stadia  interval  determined  dur- 
ing midday  hours  will  give  distances  too  long  when  these  dis- 
tances are  read  during  early  or  late  hours,  and,  vice  versa,  if  the 
interval  is  determined  during  early  or  late  hours  of  the  day, 
distances  read  during  midday  hours  will  be  too  short.  (Why?) 
Hence  do  not  attempt  accurate  work  during  hours  which  do  not 
correspond  to  your  interval  determination..  (2)  If  work  is  to 
be  carried  on  all  day,  determine  the  stadia  interval  by  tests 
made  at  different  hours  throughout  the  day.  (3)  During  mid- 
day hours  do  not  take  sights  which  require  the  line  of  sight  to 
pass  nearer  than  3  ft.  to  the  ground, — for  long  sights  use  a  half- 
reading  on  the  upper  portion  of  the  rod. 

386.  Limits  of  Error.  Two  questions  arise  in  discussing 
limits  of  error  in  stadia  surveying,  viz.:  (1)  With  what  degree 
of  precision  can  a  single  horizontal  distance  be  measured  or  a 
single  difference  in  elevation  be  found?  (2)  What  error  may 
be  expected  in  running  long  lines  where  the  errors  from  different 
set-ups  are  hkely  to  be  compensating? 

(a)  Errors  of  separate  horizontal  measurements.  From  a  series 
of  tests  by  125  of  the  author's  students  it  would  appear  that 
the  probable  error  of  sighting  is  not  Hkely  to  exceed  one  foot 
up  to  a  distance  of  400  ft.  The  mean  of  ten  probable  errors 
of  a  single  observation  for  each  of  four  distances  is  given  below. 
Each  probable  error  was  found  from  at  least  25  readings  by 
different  students,  several  transits  being  used.  The  mean  of 
the  probable  errors  involves  therefore  approximately  250  read- 
ings for  each  distance.f 

♦  See  Eng.  News,  June  6,  1895. 

t  See  a  paper  by  the  author  on  "Some  Tests  in  Sighting  at  Leveling* 
rods  and  Stadia-rods,"  Proceedings  of  Connecticut  Society  of  Civil  En* 
gineere,  1907;  also  Engineering  News,  March  21,  1907. 
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Distance 90-125  ft.   185-210  ft.   285-300  ft.   415-435  ft. 

Mean  of  probable  errors. . .       0 .  61  ft.        0 .  72  ft.         0. 83  ft.         0 .  93  ft. 

These  results  do*  not  indicate  the  discrepancies  to  be  expected 
between  tape  measurements  and  stadia  measurements,  sinxje 
such  discrepancies  will  involve  constant  errors,  which  are  not 
involved  in  the  mere  act  of  reading  the  rod,  such,  for  example^ 
as  errors  in  the  wire  interval  and  errors  in  rod  graduations.  In 
order,  therefore,  to  determine  what  the  discrepancies  really 
were,  each  of  the  distances  was  measured  with  a  tape.  Each 
quantity  in  the  following  table  is  the  mean  of  approximately 
50  discrepancies,  i.e.,  the  readings  of  approximately  50  students 
at  each  transit  and  for  each  distance  were  compared  with  the 
tape  measurement  for  that  distance  and  the  mean  of  the  50 
discrepancies  entered  in  the  table. 

Mean  Discrepancies  between  Stadia  and  Tape  Measurbmentb 

Distance 90-125  185-210  285-300  415-435 

Transit  No.  1 0.58  0.66  1.37  1.77 

••    2 0.65  1.30  1.09  1.30 

••    3 0.57  0.65  0.73  1.87 

••     4. 0.44  0.63  0.93  0.99 

Mean 0.56  0.81  1.03  1.48 

Minimum 0.44  0.63  0.73  0.99 

Maximum 0.65  1.30  1.37  1.87 

The  above  results  were  obtained  under  unfavorable  con- 
ditions. 

With  reasonable  care  the  discrepancies  in  practice  should 
rarely  exceed  the  mean  discrepancies  of  0.5,  0.8,  1.0,  and  1.5  ft. 
respectively,  and  will  frequently  be  less  than  the  minimum 
values  of  0.4,  0.6,  0.7,  and  1.0  ft. 

(b)  The  error  in  a  single  difference  of  elevation  is  due  to  two 
principal  errors,  viz.,  (1)  the  error  in  the  stadia  distance  and 
(2)  the  error  in  the  vertical  angle.  The  error  in  the  vertical 
angle  seldom  exceeds  5'  of  arc,  and  if  necessary  it  can  easily 
be  reduced  to  less  than  one  minute.  The  mean  discrepancy  in 
distance  may  be  taken  from  the  preceding  table  as  0.6  ft.  for 
a  100-ft.  sight,  1.0  ft.  for  a  300-ft.  sight,  and  1.5  ft.  for  a  400-ft. 
sight.  The  total  errors  given  below  are  based  on  these  dis- 
crepancies, combined  with  errors  in  vertical  angles  of  1'  and  • 
5'  respectively. 

3«  6*»  10°  15*»  25*» 

Distance.        1'       5'  1'        5'  1'       5'  1'       5'  1'      6' 

100±0.6     .05     .15  .08     .20  15     .25  .20     .26  .25     .35 

300±1.0     .15     .45  .20     .55  .25     .60  .35     .70  .50     .80 

400d:1.6     .20     .60  .25     .75  .35     .85  .45     .90  .70  1.05 
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The  above  results  indicate  the  maximum  errors  likely  to  occur 
in  ordinary  work  with  an  instrument  in  good  adjustment. 

(c)  Limits  of  error  for  a  series  of  lines.  The  accuracy  with 
which  a  single  horizontal  distance  may  be  measured  and  a 
single  elevation  obtained  by  stadia  methods  has  been  indicated 
above.  Since  a  stadia  traverse  is  a  combination  of  many  meas- 
urements, and  since  most  errors  of  stadia  work  are  compensat- 
ing, the  total  error  may  be  expected  to  vary  about  as  the  square ' 
root  of  the  length  of  the  traverse  (p.  45).  For  ordinary  worl 
the  total  error  in  feet  should  not  exceed  0.04V^jD  (in  which  D= 
total  distance  in  feet),  and  with  proper  precautions,  such  as 
those  indicated  in  the  last  article,  this  limit  can  be  greatly  de- 
creased. Smith,  in  his  experiments  measuring  a  base-hne 
nearly  a  mile  and  a  half  long,  got  as  the  average  error  of  13 
measurements  jAtt*  these  measurements  being  taken  under  or- 
dinary field  conditions  and  at  different  hours  of  the  day.  The 
average  error  of  five  afternoon  measurements  was  as  low  as  t^tS' 

NoU,  The  error  of  closure  depends  upon  angular  as  well  as  linear 
measurements  (p.  160),  so  that  results  are  not  purely  those  of  stadia-work. 
A  very  complete  comparison  of  stadia  and  base-line  work  is  given  in  the 
Engineering  News,  June  23,  1900,  in  an  article  on  the  surveys  of  the  Oswego- 
Mohawk  Ship  Canal  Route.  The  total  errors  of  stadia  measurements  as 
compared  with  those  made  with  the  steel  tape  are  given  for  varying  dis- 
tances. By  selecting  different  distances  and  using  the  corresponding 
results  as  given  in  that  article,  one  can  obtain  different  ratios  of  precision. 
Thus  for  one  distance  of  2000  ft.,  selected  at  random,  a  ratio  of  ^hv  is 
obtained,  while  for  another  distance  of  29  580  ft.  the  ratio  is  found  to  be 
nko'  These  ratios  were  calculated  from  the  discrepancies  between  stadia 
measurements  and  tape  measurements  of  the  saine  lines.  The  discrepan- 
<ries  in  elevation  found  by  comparing  stadia  elevations  with  those  ob- 
tained with  the  spirit-level  were  0.04  ft  for  the  2000  ft.,  and  0.49  ft.  for 
the  29  580  ft.  It  is  to  be  noted  that  the  ground  covered  was  very  favor^ 
able  for  leveling  operations. 

Limits  of  error  for  given  conditions  may  be  determined  after  a  short 
time  in  the  field,  and  this  is  the  best  course  to  pursue  if  the  survey  is  ex- 
tensive enough  to  warrant  it. 

387.  Practical  Sug;gestions» — Summary. 

1.  Determine  the  constant  C=c+/  and  do  not  forget  to  ad4 
it  to  each  reading. 

2.  Adjust  the  stadia-wires  before  beginning  a  survey.  If  fixed 
wires  are  used,  see  that  the  rod  is  graduated  to  correspond,  or 
else  determine  an  interval  factor.  Slight  errors  in  the  rod  may 
be  ignored  in  rough  work. 

3.  As  a  rule,  sight  at  a  point  about  as  far  from  the  bottom 
of  the  rod  as  the  telescope  is  above  the  ground,  and  then  bring 
either  the  upper  or  lower  wire  to  coincide  with  an  even-foot 
mark.  When  the  stadia-wires  are  coarse,  lower  the  telescope 
until  the  even-foot  mark  can  just  be  seen  over  one  wire,  and  then 
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look  just  above  the  other  wire,  thus  getting  the  distance  more 
exactly  than  if  the  marks  were  entirely  covered  by  the  wires. 

4.  In  reading  the  rod  do  not  mistake  the  middle  hair  for  a 
stadia-wire  ;  do  not  omit  even  hundred  feet  or  multiples  of  ten 
feet — ^as,  for  example,  189  in  place  of  289,  and  129  in  place  of  139. 
Form  the  habit  of  estimating  distances  by  eye  to  guard  against 

.  mistakes  of  an  even  100  ft.  and  the  mistake  of  reading  the 
middle  cross-hair. 

5.  The  best  results  for  single  sights  are  obtained  when  the 
distance  does  not  exceed  300  ft.  When  the  total  length  of  a 
line  is  found  by  adding  a  nimiber  of  readings  together,  com- 
pensating errors  affect  the  result,  and  longer  sights  are  often 
better. 

6.  When  the  distance  between  two  stations  is  too  great  for  a 
single  sight,  assume  a  point  about  midway  between,  read  the 
distance  to  this  point  from  each  station,  and  add  the  two  read- 
ings.    (What  is  the  chief  objection  to  this  method?) 

7.  When  only  a  small  portion  of  the  rod  can  be  seen,  take  a 
half-reading  and  multiply  by  two.  This  cannot  be  done  unless 
the  middle  hair  is  half-way  between  the  other  two. 

8.  Do  not  forget  to  read  and  record  the  vertical  angle  when 
the  line  of  sight  is  inclined  more  than  from  3°  to  5°, 

9.  Make  it  a  rule  to  read  distances  between  stations  twice, 
once  from  each  station,  and  enter  both  readings  in  the  notes. 

10.  Important  side-shots  may  be  checked  by  taking  a  half- 
reading  and  then  a  whole  reading.  If  the  middle  hair  is  not 
half-way  between  the  other  two,  take  three  readings,  two  of 
which  added  together  should  equal  the  third. 

When  Elevations  are  Required 

11.  Assuming  that  the  target  has  been  set,  either  by  holding 
the  rod  beside  the  supporting  axis  of  the  telescope  or  by  back- 
sighting  on  some  point  of  known  elevation,  observe  the  follow- 
ing order  of  procedure:  (1)  Read  the  distance.  (2)  Bring  the 
middle  hair  to  the  target  center.  (3)  Signal  the  rodman  to 
move  to  the  next  point  to  be  taken.  (4)  Read  the  vertical 
angle. 

12.  Do  not  forget  to  make  the  field -notes  very  clear  as  to  the 
point  of  reference  for  all  elevations  taken  at  a  given  set-up. 

13.  In  obtaining  elevations  the  longer  the  sight  the  more  care- 
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fully  the  vertical  angle  should  be  read.  The  larger  this  ver- 
tical angle,  the  less  important  are  small  angular  errors  and  the 
more  important  are  small  errors  in  distance.  In  work  where 
elevations  are  required  to  0.5  ft.  and  the  lengths  of  sight  do  not 
exceed  200  or  300  ft.,  read  the  distance  to  the  nearest  foot,  and 
the  vertical  angle  to  the  nearest  fifteen  minutes  without  using 
the  vernier. 

14.  Any  error  in  the  adjustment  of  the  telescope  level-bubble 
affects  materially  the  measurement  of  vertical  angles^  hence 
special  attention  ^should  be  paid  to  this  adjustment  when 
elevations  are  required. 

15.  Finally,  in  all  stadia-work  keep  the  limits  of  error  in  mind, 
and  do  not  waste  time  on  needless  refinements  in  setting  up^ 
leveling  up  and  manipulating  the  transit. 


CHAPTER  XXVI 

PLANE-TABLE  SURVEYING 

In  this  chapter  five  methods  of  plane-table  surveying  are  explained, 
practical  suggestions  for  the  use  of  each  method  are  given,  and  the  dififer- 
eiit  methods  are  compared.  General  suggestions  for  the  use  of  the  plane- 
table  are  made,  practical  questions  of  field  work  are  discussed,  and  four 
methods  of  solving  the  "three-point  problem"  are  explained. 


388.  The  Plane-table  consists  of  two  parts  :  (1)  the  tcible  or 
board  supported  by  a  tripod,  and  (2)  the  alidade  with  telescope 
attached.  The  edge  of  the  alidade  and  the  axis  of  the  telescope 
are  parallel. 

The  traverse-board  is  a  rough  form  of  plane-table,  with  upright 
peep-sights  in  place  of  the  telescope. 

389.  Plane-table  Surveying  is  peculiar  in  this  respect — ^the 
field  work  and  the  plotting  are  carried  on  simultaneously.  The 
board,  with  drawing-paper  stretched  upon  it,  is  brought  into  a 
horizontal  plane  and  kept  there.  The  alidade,  resting  on  the 
board,  may  be  moved  from  place  to  place  on  the  paper.  When 
the  telescope  is  pointed  to  any  object,  the  direction  of  the  line 
of  sight  is  transferred  to  the  paper  by  drawing  a  line  along  the 
edge  of  the  alidade.  Linear  measurements,  obtained  by  chain- 
ing or  by  the  stadia,  are  laid  off  to  any  desired  scale.  Thus,  as 
the  field  work  progresses,  it  is  reproduced  in  map  form  on  the 
board  of  the  plane-table,  step  by  step,  without  the  use  of  other 
instruments,  and  often  without  any  direct  measurements,  an- 
gular or  linear. 

The  plane-table  is  not  intended  for  extremely  accurate  work, 
yet  surprisingly  good  results  may  be  obtained  with  it.  It  is 
especially  useful  for  plotting  indefinite  details,  such  as  roads, 
streams,  and  edges  of  woods,  while  at  the  same  time  more 
definite  details,  such  as  buildings,  bridges,  and  fences,  can  be 
located  accurately  enough  for  most  purposes.    Thus  many  sur- 
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ve3rB  may  be  made  wholly  with  the  plane-table,  as,  for  example, 
surveys  of  parks  and  private  estates,  but  its  chief  use  is  for 
filling  in  the  details  and  contour-lines  of  large  topographic  sur- 
veys where  the  primary  stations  have  been  established  with 
the  transit. 

Advantages  of  the  plane4ahle  method.  (1)  It  dispenses  with  all 
field*notes  (since  the  survey  is  plotted  as  fast  as  it  progresses), 
and  hence  mistakes  in  recording  measurements  are  avoided. 
(2)  Since  the  map  is  made  in  the  field,  with  the  area  surveyed 
in  plain  view,  it  is  easy  to  see  what  data  are  necessary  and  whether 
or  not  any  have  been  omitted  which  should  be  obtained.  (3)  By 
means  of  check-lines  (p.  325)  errors  in  measurements  or  in  plot- 
ting are  readily  detected.  (4)  Inaccessible  points  are  easily 
located  without  trigonometric  calculation  (p.  325).  (5)  The 
position  qf  a  point  with  respect  to  three  known  points  may  be 
quickly  determined  (Method  7,  p.  4,  three-point  problem). 
(6)  More  groimd  can  be  covered  in  a  given  time  than  by  almost 
any  other  method, — ^and  with  reasonable  accuracy. 

"The  special  advantages  of  the  plane-table  as  a  mapping  instrument 
are  due  to  the  rapidity  with  which  it  obtains  results  by  the  method  of 
graphic  triangulation  and  to  the  facility  it  a£fords  the  topographer  in  de- 
termining his  position  at  an  unknown  point  by  the  grapmc  solution  of 
the  three-point  problem. 

When  the  latter  method  is  applicable — that  is,  when  the  ooimtry  is 
open  and  signals  can  be  easily  seen — ^its  superiority  over  a  system  of 
traverse  lines  is  manifest.  The  topographer  is  then  at  liberty  to  choose 
his  ground  without  reference  to  his  last  station  or  to  the  one  succeeding.  He 
is  not  tied^  down  to  a  backsight  nor  restricted  by  the  conditions  imposed 
by  a  foresight.  He  need  not  set  up  his  instrument  on  an  area  barren  of 
detail,  nor  cut  his  way  through  obstacles  (bushes,  hedges,  trees)  to  estab- 
lish a  station  at  a  oonunanding  point  of  view."  {Wainwriofu  in  A  Plant' 
table  MantuU.) 

Disadvantages,  (1)  The  plane-table  is  cumbersome,  awk- 
ward to  carry,  and  requires*  many  accessories  for  plotting. 
(2)  Under  certain  conditions  of  climate  and  weather,  the  work 
of  plotting  is  disagreeable  if  not  impossible.  (3)  Angles  are  not 
recorded  in  degrees,  hence  are  of  little  value  for  the  calculation 
of  areas  or  for  other  office  computations.  Areas  may  be  deter- 
mined by  the  planimeter  from  a  plane-table  map,  but  ordinarily 
the  plane-table  is  not  used  for  ascertaining  areas. 

390.  To  Set  Up  the  Plane-table.  Two  things  are  aimed  at: 
(1)  to  get  the  board  level;  (2)  to  get  some  point  on  the  board 
over  a  corresponding  point  on  the  groimd  and,  at  the  same  time, 
to  have  the  board  properly  oriented.   , 

(1)  To  get  the  board  level.    Set  the  tripod  approximately  level 
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to  start  with,  two  legs  down-hill.  (See  hints  for  manipulating 
tripod,  p.  88.)  If  the  plane-table  has  leveling-screws,  they  are 
worked  like  those  on  the  transit.  (See  p.  88.)  When  there  are 
only  three  screws,  one  may  be  turned  without  turning  either  of 
the  others — an  advantage  especially  when  the  board  is  approx- 
imately level.  When  the  table  has  a  cup-joint  (ball  and  socket), 
it  is  leveled  by  moving  the  board  with  the  hands;  when  it  is 
nearly  level  it  may  be  moved  slightly  by  tapping  with  the 
finger^  During  the  process  a  level-bulb  rests  on  the  board; 
it  is  placed  parallel  first  to  one  edge  of  the  board  and  then  to  a 
second  edge  at  right  angles,  occupying  alternately  these  two 
positions  until  the  two  edges  of  the  board  are  both  horizontal. 

(2)  It  is  a  little  difficult  (though  not  so  difficult  as  it  is  some- 
times represented  to  be)  to  set  up  a  plane-table  so  that,  after 
it  is  oriented,  a  point  on  the  map  representing  the  position  of 
the  plane-table  shall  be  exactly  over  the  corresponding  point 
on  the  ground,  unless  the  point  on  the  map  happens  to  be  over 
the  axis  upon  which  the  board  revolves.  In  most  work  accu- 
racy in  this  respect  is  not  essential.  By  alternately  orienting 
and  shifting  the  table  one  can  ordinarily  in  two  or  three  trials 
get  the  position  near  enough  for  all  practical  purposes.  A  de- 
vice for  suspending  the  plumb-bob  from  any  point  on  the  board 
is  usually  furnished  with  the  instrument. 

Practical  suggestions.  (1)  First  get  the  table  approximately  level, 
orienting  it  roughly  by  eye,  or,  better  still  by  the  compass;  then  pick  it 
up  and  move  it  bodily  over  the  station.  (2)  The  tendency  is  to  set  the 
board  too  high — bring  it  a  little  below  the  elbow,  low  enough  so  that  all 
parts  of  the  board  may  be  reached  easily,  and  yet  high  enough  so  that 
sights  may  be  taken  with  comfort.  (3)  How  close  must  the  point  on 
the  table  be  over  the  point  on  the  ground?  The  answer  depends  upon 
the  limit  of  error  adopted  and  the  scale  of  the  map.  (See  p.  105.)  Thus, 
for  example,  a  displacement  of  one  inch  would  cause  an  angular  error  for 
a  600-ft.  sight  of  only  about  30  seconds. 

In  the  greater  part  of  plane-table  work  the  scale  is  so  small  that  the 
whole  board  may  oe  considered  as  a  point. 

391.  Five  Methods  of  Work.  Let  B  be  the  station  occu- 
pied and  b  a  point  on  the  board  directly  over  B.  When  the 
edge  of  the  alidade  is  placed  in  coincidence  with  b,  and  the 
telescope  is  directed  first  to  a  distant  point  A  and  then  to  a 
distant  point  C,  if  the  board  is  level  the  angle  formed  by  the 
two  lines  drawn  on  the  paper  is  the  horizontal  angle  ABC. 
Thus  the  angle  is  represented  graphically  instead  of  being 
measured  and  recorded  in  degrees,  as  in  transit  surveying.  In 
ail  other  respects  the  methods  of  locating  points  are  the  same 
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utid  tlie  analogy  betwe^  transit  wotk  afid  plane^td,ble  woffe 
i^otikl  be  kept  in  mind.  Linear  measurements  may  be  made 
by  chahiing  or  by  the  stadia.  In  two  of  the  five  methods 
used  in  plane-table  woi*k,  linear  measurements  are  not  re- 
quired. 

1.  Radiation.     Method  of  angles  and  distances,  p.  134. 

2.  Progres^n  or  Traversing.  Corresponds  to  the  azimuth 
method,  p.  120. 

3.  RadiO'progression.    A  combination  of  1  and  2. 

4.  Intersection.     Corresponds  to  triangulation,  p.  137. 
6.  Resection.    A  modification  of  4. 

The  only  linear  measurement  required  in  either  of  the  last 
two  xBethods  is  the  length  of  one  base  line. 

Note.  In  the  first  five  figures  on  the  following  pages  the  actual  bound- 
aries are  represented  by  the  large  polygon,  and  the^  boundaries  are  shown 
dr&vrn  to  smallei*  scale  on  rectani^les  representing  the  plane-table. 

In  studying  these  figures  bear  in  mind  that  the  size  c^  the  plane-table  is 
very  greatly  exaggerated.  Thus,  for  example,  it  appears  in  Fig.  391  (I) 
to  be  larger  thttn  the  hoitise.  It  is  customary  to  itepreElent  a  point  <M 
the  ground  by  a  capital  letter,  and  its  plotted  portion  on  the  plane-table 
by  the  corresponding  small  letter. 


fta.  3910). 

I.  Rai^a^oK.  Method,  Set  up  the  plane-tablfe  in  a  position 
from  w&iich  aU  points  to  be  located  can  be  seen.  Clamp  the 
table  sa  that  it  eannot  revolve.    Stick  a  pin  in  the  board  at 
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any  convenient  point,  and  let  this  pin  represent  the  point  aa 
the  ground  at  which  the  plane-table  stands.  With  the  edge  of 
the  alidade  against  the  pin,  draw  radial  Unes  to  all  points  to 
be  located,  and  mark  off  the  distances  to  these  points  to  scale. 
(Method  corresponds  to  that  illustrated  in  Fig.  195  (a),  p.  134.) 

Illustration.  In  Fig.  391  (I)  the  radial  lines  are  drawn  to  the  four  cor- 
ners of  the  lot  and  to  three  comers  of  the  house.  The  distances  to  these 
points  as  fast  as  they  were  measured  were  laid  ofi  to  scale  on  the  corre- 
sponding radial  lines. 

Practical  auggesti&na.  (1)  Choose  a  position  for  the  pin  such  that  no 
point  to  be  plotted  will  fall  outside  of  the  limits  of  the  paper.  (2)  In  the 
illustration  shown  it  would  be  well  to  measure  the  lengths  of  the  boundary- 
lines  and  scale  the  corresponding  distances  a&,  be,  cdt  and  da  to  see  if 
they  a^ree.  (3)  The  house  is,  of  course,  * 'measured  up"  to  locate  the 
remaimng  three  corners. 

Comments.  This  method  is  employed  chiefly  in  combination  with  some 
other  method;  otherwise  its  use  would  be  restricted  to  a  comparatively 
small  area.  Le  ,  the  ground  which  can  be  covered  frcnn  a  single  set-up. 

II.  Progression  or  Traversing.  In  this  method  the  plane- 
table  may  be  moved  from  one  station  to  another.  After  setting 
up  over  one  station,  the  first  thing  to  do  is  to  orient  the  table. 
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This  is  done  by  making  the  edge  of  the  alidade  pass  throu^ 
the  plotted  positions  of  two  stations,  one  o/  which  rrvwsi  cwre- 
spond  to  the  station  at  which  the  plane-table  stands  ;  the  table  is 
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then  revolved  until  the  line  of  sight  is  directed  to  the  other 
station.  This  usually  amounts  to  backsighting  on  the  preced- 
ing station,  as  in  transit  surveying;  hence  this  method  corre- 
sponds to  the  amizuth  method  (p.  120). 

lUustraHon,  Required  to  plot  the  boundary-lines -4  BCD  in  Fig  391  (II). 
Set  up  at  any  corner  as  C.  Choose  a  corresponding  point  c  on  the  board, 
and  draw  cb  with  the  alidade  directed  to  B.  Measure  the  distance  from 
C  to  B  and  lay  it  off  to  scale,  thus  establishing  6.  Set  up  at  B,  make  the 
edge  of  the  aUdade  pass  through  b  and  c,  turn  the  table  until  the  line  of 
sight  strikes  C,  and  clamp.  The  table  is  now  oriented.  Sight  at  A,  draw 
ba,  measure  BA,  lay  off  the  distance  to  a.  Set  up  at  -4,  orient  as  before 
by  sij^ting  along  ah  to  B^  draw  ad,  measure  AD,  and  lay  off  the  distance 
to  d.  Thus  any  number  of  stations  may  be  plotted  one  after  the  other. 
In  Fig.  391  (II),  the  lines  on  the  board  are  numbered  in  the  order  in  which 
they  were  drawn. 

Practical  auggeationa.  (1)  When  the  area  covered  is  small  and  the 
scale  adopted  is  large,  it  may  be  necessary  to  set  up  so  that  the  station 
at  which  the  plane-table  stands  is  exactly  under  the  corresponding  point 
on  the  board  (p.  320).  (2)  Choose  the  first  line  c&  with  due  regard  to  the 
limits  of  the  paper.  (3)  After  orienting  at  A,  if  the  alidade  is  made  to 
pass  through  ac,  the  line  of  sight  should  strike  C,  Such  checks  as  this 
should  be  used  constantly.  (4)  It  is  not  necessary  to  set  up  at  the  last 
station  D  except  as  a  check.  (5)  The  house  or  any  other  detail  could  be 
located  from  the  most  convenient  station  by  the  preceding  method  of 
radiation,  or  by  the  next  method  of  interaeaion.  (6)  If  it  is  impracticable 
to  set  up  over  boundary  comers  (as  is  usually  the  case),  establish  stations 
and  corresponding  reference-lines  inside  or  outside  the  boundaries,  as  in 
transit  surveying.     (See  pp.  141  and  150.) 

Qneation.  How  could  the  work  have  been  started  at  C  so  as  to  plot  the 
four  corners  in  two  set-ups,  counting  the  one  at  C  ?  How  could  the  posi- 
tions of  d  and  a  be  checked  in  this  case? 

Commenta.  This  method  requires  all  stations  to  be  accessible.  It  is 
used  for  the  main  lines  of  a  survey  (corresponding  to  transit  lines), 
the  details  being  located  in  some  other  way.  It  is  especially  adapted  to 
surveys  of  roads,  streams,  etc.,  the  stations  being  chosen  at  the  bends,  while 
the  sides  of  the  road  or  banks  of  the  stream  are  located  by  offsets, — build- 
ings, fence-comers,  etc.,  by  radiation.  Frequently  offsets  may  be  sketched 
in  by  the  eye.  The  method  is  often  used  for  filling  in  details  of  a  topo- 
graphic survey,  the  primary  stations  of  which  have  oeen  previously  estab- 
ushed  by  triangulation  with  more  accurate  instruments.  These  primary 
stations  are  a  valuable  check  on  the  plaAe-table  work. 

III.  Radio-progression.  A  combination  of  the  first  two 
methods  just  explained.  Characteristic  features:  (1)  The 
table  is  always  set  up  with  its  center  directly  over  the  station 
occupied;  (2)  for  all  sights  at  all  stations  the  edge  of  the  ali- 
dade passes  through  the  same  point  on  the  paper,  i.e.,  a  point 
over  the  axis  around  which  the  table  revolves;  (3)  the  direction 
of  any  line  of  sight  is  transferred  from  the  center  of  the  board 
to  the  point  representing  the  station  occupied,  by  drawing 
through  this  point  a  line  parallel  to  the  edge  of  the  alidade. 

lUuatraHon.  In  Fig.  391  (III)  lines  of  sight  are  represented  by  broken 
lines, — the  lines  actually  drawn  on  the  table  by  full  lines.  Set  up  at  A, 
with  the  center  of  the  table  over  the  station.  Stick  a  pin  in  at  the  center 
of  the  table,  and  with  the  edge  of  the  alidade  against  the  pin,  sight  at  D, 
Assume  a  point  a  imd  d?aw  the  liiie  ad  parallel  to  the  edge  of  the  alidade,, 
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In  like  manner  ^ht  on  B  and  E  and  draw  the  eorrespondinc  parallel 
lines  ab  and  tie.  The  distances  AD^  AE,  and  AB  are  meaeured,  ajod  the 
corresponding  distances  ad,  ae,  and  ah  are  laid  off  to  scale.  Move  the 
board  to  B^  oxient  by  sighting  at  A  (edge  of  ididade  parallel  to  ba).  As 
a  check,  sight  at  D  and  see  if  a  line  parauel  to  the  edge  of  the  alidade  passes 
through  both  &  and  d.  Determine  points  c  and  /  by  drawing  from  d  lines 
parallel  to  the  corresponding  lines  of  sight  in  the  usual  manner.  It  is  not 
neeessary  to  go  bevond  this  station,  except  to  check  the  work,  but  in  this 
case  the  plane-table  was  again  set  up  at  C,  the  location  of  d  checked  by 
sighting  at  D,  and  a  third  comer  g  of  the  house  was  plotted. 

Practical  eugrjeetiona,     (1)  Parallel  lines  may  be  drawn  by  placing  one 
edge  of  a  triangle  in  perfect  contact  with  an  edjse  <A.  the  alidade,  and  then 
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sliding  this  triangle  along  the  edge  c^  a  second  triangle,  as  in  ordinary 
drafting.  If  the  two  edges  of  the  alidade  are  parallel,  place  the  trian^^ 
against  either  edge  as  may  be  most  convenient.  (2)  In  the  illustration 
shown,  the  house  could  have  been  located  wholly  from  A^  the  most  con- 
venient station.  Two  or  three  comers  having  been  located,  the  others 
are  found  by  measuring  the  sides  of  the  house.  The  lengtl^  of  the  bound- 
ary-lines should  be  measured  abo.  (3)  If  in  orienting  at  B  it  is  neces* 
sary  to  make  the  edge  of  the  aUdade  parallel  to  &a,  extra  work  is  involved: 
moreover,  6a  may  be  too  short  for  accuracy  It  is  better  to  draw  a  lonjj 
line  through  the  center  of  the  table  before  leaving  A,  by  pointing  the  alf 
dade  to  B,  and  use  this  line  for  orienting  at  B.  This  means  that  a  number 
of  such  lines  wiU  eventually  be  drawn  through  the  center  of  the  table  for 
purooses  of  orienting  it :  hence  it  is  better  to  omit  the  center  portion  of 
each  line,  drawing  the  two  ends  only.  j     a.  j  ^         -_ 

Comments.  The  radio-progression  method  is  especially  adapted  to  map- 
ping small  areas  to  larwe  scale,  1^.,  when  one  must  be  partietfar  to  have 
a  eiven  point  on  the  table  directly  over  the  station  oocurned.  Wben  many 
points  are  to  be  plotted  from  any  one  station,  much  time  is  wasted  m  draw- 
ing parallel  lines, — it  is  better  to  eet  the  station  on  t^  board  directly  ever 
the  8tati<m  on  the  ground  and  use  the  first  two  methodw. 
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.  IV.  iNrnsESECTiON.  Hiis  method  corresponds  to  trfangula- 
tion  (see  Fig.  196,  p.  137);  one  distance  being  known,  no  further 
linear  measurements  are  required.  The  first  thing  to  do  after 
setting  up  the  plane-table  is  to  orient  it  as  in  the  preceding 
m^duxls.  The  work  then  consists  in  drawing  radial  lines  to 
the  points  which  are  to  be  located.  The  distances  will  not  be 
determined  until  these  lines  are  intersected  by  corresponding 
lines  to  the  same  points,  drawn  at  some  other  station. 


Fig.  391  (IV) 

lUiutraiMn,  Figure  391  (IV)  is  practically  self-explaining.  The  table 
Was  first  set  up  at  C,  the  length  of  CB  measured,  and  the  line  cb  plotted. 
Lines  2,  3,  4,  and  5  of  indefinite  length  were  then  drawn,  the  table  moved 
to  B,  oriented,  and  lines  6,  7,  8.  and  9  drawn  to  determine  the  points  of 
intersection  d,  g^  /,  and  a.  Had  it  been  necessary  to  locate  other  points 
not  visible  frcwn  C,  but  visible  from  both  B  and  A^  the  line  ah  coulcf  have 
been  used  as  a  base-line  in  exactly  the  same  way.  Thus  the  plane-table 
can  be  moved  from  station  to  station  until  all  the  ground  is  covered. 

8uggeUion9,  (1)  As  in  all  triangulation,  stations  should  be  cho«en  so 
that  intersections  are  definite  and  not  too  oblique.  (See  p.  191.)  (2)  As 
this  method  is  usually  used  for  large  areas  plotted  to  small  scale,  it  is  sel- 
dom necessary  to  set  up  so  that  the  point  on  the  table  is  exactly  over  the 
station  on  the  ground.  (3)  If  a  point  cannot  be  located  by  a  definite 
intersection  from  two  ^ven  stations,  consider  if  it  cannot  be  located  mora 
definitely  from  two  other  stations,— -this  suggests  a  method  of  check-lines, 
Le.,^  locate  points  occasionally  from  at  least  three  stations.  (4)  It  is  often 
desirable  to  sight  on  a  church-steeple,  the  top  of  a  tree,  or  some  other 
prominent  landmark  merely  as  a  check,  even  though  the  location  of  the 
point  itself  is  of  no  consequence.  Having  oriented  a  table,  it  is  very  reas- 
furing  to  dire<^  the  line  of  sight  at  a  distant  object  and  to  find  that  the  edge 
of  toe  alidade  passes  through  the  corresponding  point  already  plotted 
from  other  stations. 
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CommerUa,  This  method  is  especially  useful  for  plotting  inacceaatblt 
points,  and  for  mapping  banks  of  streams,  edges  of  woods,  and  otl^r 
indefinite  topographic  features.  As  it  is  difficult  to  choose  stations  so 
that  all  intersections  on  the  paper  will  be  definite,  this  method  is  of  great- 
est value  when  used  in  combination  with  some  one  of  the  preceding  methods, 
— it  is  especially  valuable  as  an  occasional  check  on  distant  points. 

V.  Resection.  This  method  is  a  modification  of  the  method 
of  intersection.  Its  chief  characteristic  is  that  the  point  de- 
termined by  the  intersecting  lines  is  the  station  occupied  by  the 
plane-table  at  the  time  those  lines  are  drawn.  This  means  that 
a  plane>table  can  be  set  up  anywhere  and  the  corresponding 
point  on  the  map  can  be  found  by  resection,  provided  three 
points  ah^ady  plotted  are  visible  from  the  plane-table.  This 
method  requires  one  linear -measurement — a  base-line. 


Fig.  391  (V). 


lUuBlmtion,  In  Fig.  391  (V)  set  up  at  C,  assume  c,  direct  the  alidade 
to  B,  measure  CB,  lay  o£f  cb  to  the  scale  adopted,  and  draw  an  indefinite 
Hne  2  towards  D.  Set  up  at  D,  orient  the  table  by  sighting  at  C  with 
the  edge  of  the  alidade  along  the  line  2;  then  move  the  alidaae  to  &,  sight 
at  B, — where  the  edge  of  the  alidade  cuts  the  Une  2  will  be  the  point  d. 
Draw  an  indefinite  line  3  towards  A.  Set  up  at  A,  orient  the  table,  center 
the  alidade  at  c,  sight  to  C,  and  find  the  intersection  a  with  the  line  3. 
As  a  check,  center  the  alidade  at  a,  sight  to  B,  and  see  if  the  edge  of  the 
alidade  cuts  6. 

Practical  auqgestions.  (1)  In  setting  up  the  plane-table,  estimate  about 
where  the  station  to  be  plotted  will  come,  and  set  this  point  approximately 
over  the  point  on  the  ground.  ^2)  When  there  are  more  than  four  aides 
to  th^  survey  a  statioa  may  be  plotted  by  sighting  ocroM  the  ioclosuro 
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to  €my  station  i)roviousIy  plotted.  This  often  givea  a  choice  of  two  or 
more  sights. — it  is  well  to  use  one  for  locating  the  point  on  the  paper,  and 
the  other  for  a  check-sight.  (3)  Details  are  best  located  by  radiation  or 
intersection. 

CcflnmenU.  The  method  of  resection  is  not  a  very  useful  method  except 
in  oases  where  it  becomes  necessary  first  to  occupy  a  station  and  then 
to  locate  it  on  the  map.  The  well-known  ^ree-point  problem  and  the  two^ 
point  problem  are  problems  in  resection,     (See  pp.  329  to  335.) 

392.  The  Five  Methods  Compared — Summary. 

1.  RadiaMon.  An  accurate  method,  but  restricted  to  one  set- 
up-    Used  chiefly  in  combination  with  other  methods. 

2.  Progression,  Requires  all  stations  to  be  accessible.  Used 
only  for  locating  stoftfons.  Corresponds  to  traversing.  Useful  for 
establishing  main  lines  of  reference. 

3.  Radio-progression,  Adapted  to  plotting  small  areas  to 
large  scale,  since  the  center  of  the  table  is  always  over  the  sta- 
tion. Not  much  used  if  many  points  are  to  be  plotted  from 
one  station. 

4.  Intersection,  Requires  no  linear  measurements  except  a 
base-line,  and  is  especially  useful  in  plotting  inaccessible  pomts. 
Method  is  inaccurate  when  intersections  are  too  oblique.  Method 
used  chiefly  in  combination  with  other  methods,  especially  for 
check-sights. 

5.  Resection.    Used  chiefly  for  locating  the  station  occupied. 

393.  Practical  Suggestions  for  Plane-table  Work. 

(a)  (1)  The  paper  must  be  selected  and  handled  with  care  in  accurate 
plane-table  work.  Paper  which  has  a  good  surface  for  drawing  hair-lines 
and  is  least  affected  by  atmospheric  changes  should  be  used, — for  very 
accurate  work  double-mounted  paper,  for  ordinary  work  single-mounted, — 
where  there  is  much  dampness  celluloid  sheets.  Tinted  paper  is  less  try- 
ing to  the  eyes  than  pure  white.  (2)  Most  paper  except  the  double- 
mounted  paper  can  be  rolled  and  kept  in  a  metal  cylinder  or  carrying- 
case, — diameter  not  less  than  three  or  four  inches.  It  is  preferable,  how- 
ever, to  cut  sheets  the  size  of  the  board  and  to  keep  them  fiat  in  a  leather 
or  canvas  carrying-case.  (3)  Paper  should  be  so  firmly  fastened  to  the 
board  that  it  is  practically  a  part  of  it,  so  that  neither  wind  nor  friction  of 
the  alidade  will  disturb  it.  For  this  purpose  spring-clamps,  thumb-tacks, 
or  screw-tacks  are  used.  Spring-clamps  are  unreliable,  and  interfere  with 
the  free  movement  of  the  ahdade ;  thumb-tracks  are  better,  but  the  double- 
screw  tacks  with  which  the  plane-table  boards  of  the  Geological  Survey 
are  provided  are  perhaps  the  best  for  the  purpose.  In  any  case  the  paper 
must  be  stretched  tight  and  smooth,  and  occasionally  it  may  be  worth 
while  to  turn  the  paper  over  the  edges  of  the  board  and  paste  it  under- 
neath. A  waterproof  cover  for  protecting  the  paper  on  the  board  in  case 
of  sudden  rain  is  almost  indispensable.  If  caught  without  itj  turn  the 
board  upside  down.  (4)  When  more  than  one  sheet  is  used  it  is  stiffi- 
dent  in  ordinary  work  simply  to  transfer  to  one  sheet  at  least  two  points 
from  the  preceding  sheet,  say  the  last  two  stations  occupied.  In  addition 
it  is  well  to  transfer  such  other  points  as  are  likely  to  be  needed  for  check- 
sights.     Points  ma>  be  pricked  through  from  one  sheet  to  another,  or  if 

E»ater  accuracy  is  required  they  may  be  tlransferred  by  any  of  the  well- 
own  methods  used  in  drafting. 

(b)  Manipulation  of  the  plane-table.  (1)  If  there  is  no  slow-motion 
screw  for  turning  the  table  after  it  is  clamped,  it  may  be  turned  slowly 
fjMsfore  it  is  clamped  by  tapping  a  comer  side  wise  With  the  fin^r.  After 
damping  look  again  to  see  that  the  cross-hairs  still  cover  the  point  sighted 
at.  (2)  In  turmng  the  alidade,  steady  the  standard  with  the  left  hand, 
while  the  right  swings  the  rear  end  of  the  ruler.  A  fine  needle  may  be 
•tuck  at  the  point  on  the  paper  representing  the  station,  and  the  edge  d 
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the  alidade  kept  against  it.  (3)  Be  careful  not  to  disturb  the  board  after 
it  is  oriented  by  leaning  heavily  on  it,  or  by  contact  with  its  edge.  The 
less  the  weight  of  the  afidade  rests  near  the  edge  of  the  board  the  better. 

(c)  Plotting.  (1)  The  pencil  used,  should  be  hard^  sharpened  at  both 
ends  (round  point  and  chisel  point).  A  smooth  stone  may  be  used  in 
place  of  a  sand-paper  pad,  but  it  is  better  to  have  the  latter  always  at 
hand,  attached  to  the  board  by  a  string.  A  needle  for  pricking  points 
and  a  pencil-eraser  are  also  needed.  A  triangular  scale  is  recommended, 
and  distances  are  laid  ofif  by  laying  the  edge  of  the  scale  along  the  line. 
The  method  of  transferring  distances  by  dividers  is  a  poor  one.  (2)  Draw 
as  fine  lines  as  possible,  as  few  lines  as  possible,  and  as  short  lines  as  possi- 
ble. Coarse  lines  malce  accurate  work  out  of  the  question,  and  the  paper 
soon  becomes  covered  with  a  network  of  lines  which  is  bad  enough  when 
reduced  to  a  minimum.  Instead  of  drawing  a  line  the  full  length  of  the 
alidade,  draw  a  short  line  approximately  where  the  point  is  to  be  plotted. 
Points  on  contours  and  similar  points  often  can  be  plotted  without  draw- 
ing lines  by  marking  off  distances  along  the  edge  of  the  alidade  while  it 
is  yet  in  position.  Instead  of  drawing  a  long  line,  as,  for  example,  when 
one  is  to  be  used  for  orienting,  draw  a  short  hne  at  each  end  of  the  alidade. 
In  intersections  the  point  is  simply  marked  or  pricked  where  the  second 
line  crosses  the  first, — the  second  line  is  not  drawn.  (3)  Several  points 
on  the  same  straight  line  may  be  located  quickly  by  plotting  the  two 
ends  of  the  line,  and  then  intersecting  this  line  by  sights  to  the  remaining 
point.  (4)  Draw  all  Mnea  close  to  the  straight-edge^  so  that  each  is  hardly 
visible  until  the  straight-edge  is  moved  away;  but  if  any  part  of  the  edge 
is  raised  off  the  paper,  be  careful  that  the  pencil  does  not  run  under  it, 
thus  deviating  from  a  straight  line.  (5)  Above  all,  have  some  good  system 
of  ke&pinff  track  of  points  and  lines,  so  that  those  plotted  at  one  station 
may  be  easily  identified  when  the  table  has  been  moved  to  some  other 
station.     This  is  especially  important  in  the  method  of  intersections. 

(d)  General  suggestions.  (1)  Colored  glasses  relieve  the  strain  upon  the 
eyes.  (2)  Rules  for  cleanUness:  Keep  the  leavings  of  the  pencil-eraser 
and  dust  c^  all  kinds  off  the  paper.  Keep  the  triangles  and  the  bottoot  of 
the  alidade  clean.  Do  not  slide  the  alidade  unnecessarily  over  the  paiier, — 
lift  it  up  and  set  it  down  again  to  avoid  rubbing.  (3)  At  the  first  set-up 
in  a  survey  draw  a  north  and  south  line  by  means  m  the  compass,  using 
the  edge  of  the  box;  at  the  second  set-up  check  it.  (4)  The  first  thing  to 
do  after  setting  up  and  orienting  the  table  is  to  take  a  check-sight  to 
some  distant  point  which  has  been  previously  plotted, — the  last  thing  to 
do  before  leaving  the  station,  and  at  other  times  when  not  employed,  is 
to  sight  at  the  same  point  to  see  if  the  table  has  been  displaced.  One  of 
the  most  important  precautions  in  all  plane-table  work  is  to  take  check- 
sights  frequently. 

(e)  Vertical  angles.  Vertical  angles  may  be  measured  if  the  telescope 
has  a  vertical  circle;  this  is  most  necessary  when  the  stadia  is  used  and 
vertical  angles  are  reqmred  for  obtaining  elevations  and  for  reducing  in- 
clined sights  to  the  horizontal,  as  in  transit  surveying. 

394.  Practical  Questions  Relating  to  Field  Wofk, 

(ay  Choice  of  scats.  If  the  plane-table  work  is  carried  on  in  connection 
with  a  transit  survey,  it  may  be  desirable  to  adoot  the  same  scale  as  that 
used  in  the  office  for  plotting  the  transit  notes.  This  is  not  essential,  how- 
ever, as  the  plane-table  map  can  be  transferred  easily  to  a  map  of  different 
scale  by  means  of  the  pantograph  or  by  some  other  method.  Assuming, 
however,  that  the  choice  of  scale  does  not  depend  upon  other  work,  the 
following  suggestions  are  made: 

1.  Choose  a  scale  in  common  use.  For  ordinary  work  some  multiple  of 
ten,  as  10,  20.  30,  40,  60,  60,  80,  100,  or  200  ft.  to  the  inch-  For  govern- 
ment work  standard  scales  are  adopted,  such,  for  example,  as  jvlw  ant*. 
nhn.     (See  pp.  488  and  489.) 

2.  If  the  siae  of  the  map  is  Kmited,  as.  for  example,  to  the  siae  of  the 
boards  estimate  the  extreme  dimensions, — this  will  still  further  limit  the 
choice  of  scale. 

3.  Choose  a  scale  consistent  with  the  limit  of  error.  Thus,  for  example, 
if  measurements  to  the  nearest  foot  are  wanted,  80  or  100  ft.  to  the  inch 
is  as  small  a  scale  as  should  be  used;  50  ft.  to  the  inch  would  be  better, 
since  ii  is  rather  difficult  to  plot  to  ih  of  an  inch. 
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(b)  Choice  of  Btatwnt.  The  suggestions  given  on  p.  149  for  choosing 
stations  hold  good,  remembering,  however,  that  in  plane-table  work  it  is 
well  to.  have  each  station  visible  from  at  least  three  others,  though  this 
is  not  essential.  When  a  plane-table  survey  is  made  in  connection  with 
a  transit  survey,  it  should  begin  at  one  of  the  main  stations  and  be  "tied 
in"  with  other  transit  stations  as  completely  as  may  be  necessary  for 
definite  ohecks. 

(c)  Methods  of  locating  details  explained  in  Chapter  XIII  may  be  used, 
modified,  of  course,  to  suit  plane-table  work.  Thus,  for  example,  offsets 
irften  may  be  paced,  and  details  sketched  in  by  eye.  The  suggestions  on 
p.  156  hold  good. 

id)  What  details  to  take.  In  a  large  surrey  it  should  be  clearly  under- 
stood what  details  are  to  be  taken  by  the  plane-table  party,  and  what 
are  to  be  ieit  for  other  parties. 

(e)  Limits  of  error  depending  upon  the  nature  of  the  work  in  hand  (see 
p.  1 59)  should  be  kept  constantly  in  mind. 

(/)  Sources  of  error.  (1)  Error  in  the  position  of  the  table.  (2)  Error 
when  the  board  is  not  truly  horizontal,  (3)  Error  in  sighting.  (4)  Errors  of 
adjiKTtment.  (5)  Errors  in  drawing  lines.  (6)  Errors  in  laying  off  dis- 
tances to  scale.  (7)  Errors  due  to  the  expansion  and  contraction  of  the 
paper. 

395.  The  Three-point  Problem.  Given:  Three  points,  A, 
B,  and  C,  visible  from  a  station  P  occupied  by  a  plane-table;  also 
a,  h,  and  c,  the  plotted  positions  of  the  three  visible  points.  Re- 
quired:  To  plot  p,  the  position  of  the  station  occupied. 

Remark.  This  is  a  special  case  of  the  method  of  resection  where  the 
position  of  the  station  occupied  is  the  point  required,  but,  unlike  the  gen- 
eral case  (p.  326),  no  Hne  known  to  pass  through  p,  the  required  point,  has 
been  drawn  at  some  previous  set-up,  hence  there  is  no  direct  method  of 
orienting  the  table  as  is  the  case  on  p.  326.  The  problem,  then,  amounts 
to  finding  some  point  p  such  that  when  the  edge  of  the  alidade  is  made 
to  pass  through  t>  and  any  one  of  the  points  a,  b,  or  c,  the  table  may  be 
correctly  prientea  by  sighting  at  the  corresponding  point  A ,  JB,  or  C.  Thus 
the  solution  of  the  three-point  problem  determines  the  location  on  the 
sheet  of  the  station  occupied  and  orients  the  table  simultaneously.  As 
in  all  forms  of  triangulation,  the  definite  location  of  the  point  depends 
npoa.  well-proporUoned  triangles  and  sharp  intersections. 

Solutions.     (1)  Mechanical.     (2)  Graphic.     (3)  By  trial. 

I.  Mechanical  solution,  (1)  Fasten  a  piece  of  tracing-paper 
to  the  board,  and  assume  a  point  p  to  represent  the  station  oc- 
cupied. (Assume  it  as  near  its  true  position  as  can  be  estimated 
by  eye.)  (2)  Center  alidade  on  p,  and  sighting  successively  on 
the  three  visible  points  A,  B,  and  C,  draw  lines  of  indefinite 
length  along  the  edge  of  the  alidade.  (3)  Shift  the  tracing- 
paper  until  the  three  lines  pass  through  the  points  a,  6,  and  c 
previously  plotted  from  other  set-ups,  and  prick  the  point  p 
through  to  the  paper.  (4)  With  the  edge  of  the  ahdade  passing 
through  p  and  a,  orient  the  table  by  sighting  at  A.  (5)  Take 
check-sights  through  b  and  c  to  J5  and  C  respectively.  If,  be- 
cause of  little  inaccuracies,  the  lines  do  not  meet  at  p,  the  td.. 
saigle  of  error  will  usually  be  so  small  that  a  slight  movement 
of  the  board  will  correctly  orient  the  table. 
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Comments.  This  method  is  quick,  and,  under  favorable  circumstanees, 
easy  to  use  and  sufficiently  accurate  for  most  purposes.  It  is,  however, 
somewhat  cumbersome,  and  under  unfavorable  circumstances,  especially 
in  a  high  wind,  not  very  practicable. 

II.  Graphic  methods,*  There  are  several  graphic  methods, 
but  only  two  will  be  explained. 

(a)  Bessel's  method.  Fig.  395  (a)  represents  the  table  in 
three  positions,  but  over  the  same  station,     (The  three  positions 


Fig.  395  (a). 

correspond  to  the  three  principal  steps.)  Let  A,  B,  and  C  rep- 
resent the  three  visible  points,  and  a,  6,  and  c  their  plotted 
positions. 

First  step,  (1)  With  the  edge  of  the  alidade  through  c  and 
a,  sight  at  A  and  clamp  the  board.  (2)  Sight  at  B  and  draw  a 
line  of  indefinite  length. 

Second  step,  (1)  Unclamp;  with  the  edge  of  the  alidade 
through  a  and  c,  sight  at  C  and  clamp.  (2)  Sight  at  B  and 
intersect  the  first  line  drawn,  thus  obtaining  the  point  e. 

Third  step.  Draw  eb,  and  unclamp;  with  the  edge  of  the 
alidade  through  b  and  e,  sight  at  B  and  clamp.  Center  on  a 
sight  at  A,  and  intersect  eh  at  p. 

Check.    Center  on  p  and  see  if  c  and  C  are  on  line. 

Comments.  The  objection  to  BesseVs  method  is  that  the  points  «  and 
h  frequently  fall  so  near  toother  that  the  direction  of  the  line  between 
them  is  practically  indeterminate ;  or  else  the  point  of  intersection  e  comes 
off  the  board  altogether.  In  manv  cases  this  difficulty  may  be  over- 
come by  expanding  or  contracting  tne  triangle  formed  by  the  three  fixed 
points  as  follows:  (1)  Draw  a  line  parallel  to  ac^  and  find  its  intersection 
with  each  of  the  lines  ab  and  6c.  (2)  Through  the  two  points  thus  found, 
draw  lines  parallel  to  ae  and  ce.  These  Unes  will  intersect  in  a  third  point 
of  eb, 

*  For  a  very  complete  treatment  of  the  three-point  problem,  consult  the 
U.  S.  Coast  and  Geodetic  Survey  Report  for  1880,  also  A  Plane  TabU 
Manual,  by  D.  B.  Wainwright,  in  the  Report  of  1905.  See  also  Handbueh 
der  Vermeasungskundef  by  Jordan,  and  B^uenifeind'a  Vermeaaungskunde. 
VolH. 
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BeBsel's  solution  is  based  on  the  geometric  principle  that  in  any  inscribed 
gtuuirilateral  the  angle  made  by  one  of  the  aides  with  one  of  the  diagonals  is 
equal  to  the  angle  made  by  (Jie  opposite  side  with  the  other  diagonal.  The 
board  of  the  plane-table  is  treated  as  a  pointy  i.e.,  compared  with  the  area 
covered  by  the  survey  it  has  no  dimensions. 

(6)  Llano's  method.*  The  three  visible  points,  A,  B,  and  C, 
and  their  plotted  positions,  are  taken  in  the  same  relative  posi- 
tions as  in  Fig.  395  (a)  of  the  preceding  method. 


Fig.  395  (6). 

First  step,  (1)  Draw  a  line  perpendicular  to  the  line  ah 
at  its  middle  point,  place  the  alidade  along  this  line,  sight  at  B 
and  clamp.  (2)  Center  on  a,  sight  at  A,  and  find  the  inter- 
section e. 

Second  step,  (1)  Draw  a  line  perpendicular  to  he  at  its  mid- 
dle point,  place  the  alidade  along  this  line,  unclamp,  sight  at 
B  and  clamp.  (2)  Center  on  c,  sight  at  C,  and  find  the  inter- 
section /. 

Third  step.  Find  k  (the  required  point)  at  the  intersection 
of  two  arcs,  one  with  e  as  a  center,  and  a  radius  co,  the  other 
with  /  as  a  center,  and  a  radius  fc. 

Fourth  step.  With  the  edge  of  the  alidade  through  h  and  k, 
crient  by  sighting  at  B,  and  check  by  sighting  through  a  to  A  and 
through  c  to  C, 

Comments.  If  more  convenient,  find  k  by  drawing  from  h  a  perpen- 
dicular to  the  line  ef;  k  ia  on  this  perpendicular  and  as  far  on  one  side  of 
«/  as  b  is  on  the  other.  Llano's  method  fails  when  e  and  /  fall  so  near  to- 
gether that  the  location  of  k  becomes  indefinite. 

III.  Methods  by  trial  are  those  in  which  the  position  of  the 
required  point  is  alternately  assumed  and  corrected  until  its 
proper  position  is  determined.  The  most  satisfactory  method  of 
procedure  is  that  known  as  the  Coast  Survey  method. 


*  See  Engineering  News,  Dec.  29,  1904. 
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(c)  CoAarr  Suhvbt  mbthob*  (1)  Oriwit  the  table  as  nearly  as 
can  be  guessed,  first  using  the  compass  to  bring  it  approximately 
into  position,  and  then  estimating  the  position  of  the  p>oint  p 
with  respect  to  a,  6,  and  c,  guided  by  the  rules  given  in  this 
article.  (2)  Clamp,  and  draw  Knes  through  a,  b,  and  e  by 
sighting  at  the  corresponding  points  A,  B,  and  C  respectively. 
(3)  If  the  table  has  been  oriented  correctly  (which  is  voh- 
likely)  these  three  lines  will  meet  in  the  required  j)oint  p; 
otherwise  they  will  intersect,  forming  a  small  triangle  of  error, 
or  else  two  of  the  hnes  will  be  parallel  and  be  intersected 
by  the  third.  The  positicHi  of  p  can  now  be  estimated  more 
nearly  than  before,  the  tat^  newly  oriented,  and  the  process 
repeated.  Thus  the  method  is  a  series  of  approximations, 
the  triangle  of  error  becoming  smaller  and  smaller  as  the 
orientation  becomes  more  nearly  correct.  This  method  is 
used  extensively,  especially  by  the  Government  topographers, 
and  is  quick  and  accurate,  more  so  than  would  at  first 
appear. 

Certain  rules  for  guidance  in  estimating  the  position  of  p 
taken  from  A  Plane  Table  Manual  *^  by  Mr.  D.  B.  Wainwri^t, 
are  given  below. 

The  rdaiive  poiiiioM  of  the  three  fixed  points  with  reference  to  the  new 
station  have  an  important  bearing  on  the  strength  of  its  determination. 

In  the  following  statement  in  regard  to  the  different  groupings  of  points 
met  in  practice,  for  the  sake  of  brevity,  the  term  * 'fixed  points"  will  b© 
understood  to  mean  points  already  determined  and  plotted  on  the  sheet; 
the  "great  triangle"  referred  to  is  one  formed  by  the  three  fixed  pmnts, 
and  the  "great  circle"  is  the  circle  passing  throi%h  them. 

When  the  new  station  is  outside  the  great  circle,  the  strength  for  determina>- 
tion  of  a  position  will  be  weak  when  the  middle  point  as  seen  from  the  new 
station  is  the  farthest  of  the  three  and  the  angles  are  smalL  (See  Illus- 
tration 395  (c).  Fig.  3.)  If  the  new  station  is  located  outside  the  circle,  and 
some  distance  below  it,  the  angles  are  small  and  the  determination  corre- 
spondingly weak. 

The  determination  inersases  in  strength  for  given  angles  as  the  middle 
point  approaches  the  new  station.     (Fig.  1.) 

When  one  angle  is  small  or  0°  (points  in  range),  the  determination  wiB 
be  strong,  provided  the  two  points  making  the  small  angle  or  range  are 
not  too  near  each  other  when  compared  to  the  distances  to  the  new  station 
and  to  the  third  point;  provided  also  the  an^e  to  the  third  point  is  no* 
too  small.     (Fig.  2.) 

When  the  new  station  lies  on  or  near  the  great  eirele^  its  position  is  iade- 
terminate.     (See  Illustration  395  (c),  Fig.  3.) 

When  the  new  station  is  within  the  great  circle,  the  strength  oi  ita  deter- 
mination increases  as  it  approaches  the  center  of  gravity  of  the  great  tri- 
angle.    (Figs.  3,  4,  5.) 

There  are  a  number  of  graphic  solutions,  but  all  save  three  are  better 
suited  to  the  drafting-room  with  its  appliances  than  to  the  conditions  which 
exist  in  the  field. 

♦  Department  of  Ommeroe  and  Labor,  IT.  S.  Coact  and  Qeodetio 
Survey,  Appendix  No,  7,  Report  for  1906. 
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lAkmokMi^t  method  of  M^ution  is  tbe  nmplest  &im1  ihost  durect»  imd  ap- 
plies under  all  eircimistaaces.  The  direetions  aie  stated  in  the  lonn  of 
rules. 

The  term  '*2>otnl  Bought"  will  be  miderstood  to  mean  the  tme  poeition 
on  the  sheet  of  the  projected  point  of  the  staticm  occupied.  The  surveyor 
is  assumed  to  be  facins  the  signals,  and  the  direetions  right  and  left  are 
given  accordingly. 

Rule  1.  The  point  sought  is  always  distant  from  each  of  the  three  lines 
dvawn  from  the  tluree  fixed  points  in  proportion  to  the  distances  of  the 
«>rresponding  actual  points  fr<»n  the  station  occupied,  and  it  will  always  be 
found  on  the  corresponding  side  of  each  of  the  nnes  drawn  from  the  fixed 
points.* 

The  simplest  case  for  the  application  of  this  rule  occurs  when  the  station 
to  be  determined  is  within  the  triangle  formed  by  the  three  fixed  points; 
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FiQ.  395  (c). 


the  point  sought  muM;  then  be  within  the  triang^  of  error  to  satisfy  the  ' 
eoiHUtions.     (See  Illustration  395  (c).  Fig.  5.)  ^    ,         ^    ^ 

Although  R\^  1  is  sufficient  in  itself  for  the  solution  of  the  problem, 
there  are  two  subordinate  rules  which  materially  assist  the  topographer 
in  reaching  a  d'ecision  as  to  the  proper  location  of  the  point  sought  with 
reference  to  the  Knes  from  the  fixed  points. 

HuU  t.  When  the  point  sought  is  without  the  great  circle,  It  is  atwajn 
on  the  same  side  of  the  line  from  the  most  distant  point  as  the  intersection 
of  the  other  two  lines.     (See  Illustration  395  (r),  Fig.  1.) 

♦  That  w,  if  ft  is  on  the  right  side  of  one  Kne,  it  fs  on  the  right  rfde  ^ 
each  one  of  the  other  two,  and  if  on  the  left  skfe  of  one,  it  &  on  the  left 
nde  of  each  one  of  the  other  two. 
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RuU  S,  When  the  point  sought  falls  within  either  of  the  three  segments 
of  the  great  circle  formed  by  the  sides  of  the  great  triangle,  the  line  drawn 
from  the  middle  point  lies  between  the  point  sought  and  the  intersection 
of  the  other  two  bnes.     (See  Illustration  395  (c).  Figs.  3,  4,  6. ) 

Application  of  nUea.  In  practice  the  topographer  first  decides  the  re- 
lation of  the  new  station  with  reference  to  the  fixed  points,  whether  it  is 
within  the  great  triangle  or  in  one  of  the  segments  or  outside  the  great 
circle.  He  then  determines  the  position  of  the  point  sought  with  reference 
to  one  line  (if  within  one  of  the  segments  or  without  the  great  circle  by 
Rule  2  or  3) ;  it  then  follows  from  Rule  1  that  it  must  be  on  the  correspond- 
ing side  of  the  other  two  lines.  Finally,  he  estimates  the  relative  distances 
of  the  three  actual  points  from  him  and  marks  the  position  of  the  point 
sought  a  proportionate  distance  from  the  three  lines. 

Examples 

Illustration  395  (c).  Fig.  1.  When  the  point  sought  is  without  the 
great  circle,  the  intersection  of  the  lines  from  B  and  C  falls  to  the  right  of 
the  line  from  A,  the  most  distant  point;  therefore  (Rule  2)  the  point  sought 
must  be  on  its  right,  and  also  (Rule  1 )  on  the  right  of  the  line  from  B  and  C. 
Its  exact  position  is  then  estimated  according  to  Rule  1. 

Illustration  395  (c),  Fig.  2.  When  the  point  sought  is  on  or  near  the 
prolongation  of  a  range-line,  it  must  be  outside  the  parallel  lines  on  the 
Bide  of  the  line  to  the  nearest  fixed  point  of  the  range.  In  the  figure  it 
wiU  be  seen  that  the  point  sought  must  be  outside  the  lines  from  A  and 
B.  and  to  their  right  to  satisfy  Rule  1,  and  also  to  the  right  of  the  line 
from  C. 

Illustration  395  (c).  Fig.  3.  When  the  point  sought  is  on  the  cirde 
passing  through  the  three  fixed  points,  the  position  is  indeterminate,  as  the 
three  Unes  will  intersect  at  one  point,  altnough  the  table  is  imperfectly 
oriented.     Another  selection  of  points  must  be  made. 

Illustration  395  (c).  Fig.  3.  When  the  point  sought  falls  within  one  of 
the  segments  of  the  great  circle,  the  h'ne  drawn  from  A,  the  middle  i>ointf 
is  to  the  right  of  the  intersection  of  the  lines  from  B  and  C:  therefore 
(Rule  3)  the  point  sought  must  be  on  its  ri^t  side,  and  also  (Rule  1)  to 
the  right  of  the  line  from  B  and  from  C.  Xocate  it  exactly  according  to 
Rule  1. 

Illustration  395  (c).  Fig.  4.  When  the  point  sought  is  on  or  near  the 
range-line  between  the  fixed  points,  the  point  sought  must  be  between 
the  parallel  lines  to  satisfy  the  conditions  of  Rule  1.  Its  position  with 
reference  to  the  intersecting  line  follows  from  the  same  rule.  In  the  figure 
the  point  sought,  being  between  the  lines  from  B  and  C,  is  to  the  right  of 
each,  therefore  it  is  to  the  right  of  the  line  from  A, 

Illustration  395  (r),  Fig.  5.  When  the  point  sought  falls  within  the 
great  triangle,  it  must  fall  within  the  triangle  of  error.  No  other  position 
would  satisfy  the  conditions  of  Rule  1. 

Illustration  395  (c).  Fig.  6.  When  the  three  fixed  points  are  in  a  straight 
line.  In  this  case  the  points  are  considered  as  being  in  the  circumference 
of  a  circle  of  infinite  aiameter  and  the  point  sought  always  lying  in  one 
of  the  segnrients  of  the  great  circle.  The  treatment  of  tms  case  is  then 
identical  with  that  of  lUustration  395  (c).  Fig.  3.    _ 

The  preceding  cases  are  all  examples  of  the  conditions  which  may  occur 
when  the  table  is  deflected  to  the  ri^ht.  By  turning  the  printed  side  of 
the  illustration  to  the  hght  and  looking  at  tne  figures  through  the  paper, 
they  will  appear  reversed,  and  they  will  then  be  examples  of  conaitions 
which  may  occur  when  the  table  is  deflected  to  the  left. 

Repetition.  When  the  true  point  has  been  estimated  and  marked  on  the 
sheet  in  accordance  with  the  foregoing  rules,  a  new  orientation  is  made. 
If  the  lines  from  the  three  stations  now  mtersect  at  that  point,  it  proves  the 
estimate  to  have  been  correct,  and  the  position  is  determined.  If  a  new 
triangle  of  error  is  formed,  it  indicates  an  erroneous  estimate  and  the  oper- 
ation must  be  repeated. 

(d)  Two- POINT  Problem 

Tfte  occasion  may  arise  where  it  is  desirable  to  place  the  table  in  position 
at  a  given  point  from  which  only  two  determinea  points  are  visible  This 
may  be  done  by  the  following  methods: 
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One  method  possesses  the  virtue  of  requiring  no  linear  measurements, 
and  demonstrates  in  a  very  satisfactory  manner  the  effectiveness  of  the 
table  in  determining  position  by  resection. 

Illustration  395  (d)  (all  four  figures).  Two  points,  A  and  B,  not 
eonveniently  accessible,  being  given,  by  their  projections  a  and  b,  to  put 
the  plane-table  in  position  at  a  third  point,  C.  fThe  capital  letters  refer  to 
points  on  the  ground,  and  the  small  ones  to  their  corresponding  projections.) 

Select  a  fourth  point,  D,  so  that  the  intersections  from  C  and  D  upon 


FiQ.  395  id). 

A  and  B  make  sufficiently  large  angles  for  good  determinations.  Put  the 
table  approximately  in  position  at  £>,  by  estimation  or  by  compass,  and 
draw  the  lines  Aa  and  jB6,  intersecting  at  d;  through  d  draw  a  line 
directed  to  C.  Then  set  up  at  C,  and  assuming  the  point  c  on  the  line 
dCf  at  an  estimated  distance  from  d,  and  putting  the  table  in  a  position 
parallel  to  that  which  is  occupied  at  Z>,  by  means  of  the  line  cd,  draw  the 
lines  from  c  to  -4  and  from  c  to  B.  These  will  intersect  the  lines  dA  and 
dB  at  points  a'  and  6'.  which  form  with  c  and  d  a  quadrilateral  similar  to 
the  true  one.  but  erroneous  in  size  and  position. 

The  angle  which  the  lines  ab  and  a'6'  make  with  ea<^  other  is  the  error 
in  position.  By  drawing  through  c  a  line  cd',  making  the  same  angle  with 
ed  as  that  which  ab  makes  with  a'b',  and  directing  this  hne  od'  to  D,  the 
table  will  be  brought  into  position,  and  the  true  point  c  can  be  found  by 
the  intersections  of  aA  and  bB. 

Instead  of  transferring  the  angle  of  error  by  construction,  we  may  con- 
venientl3f  proceed  as  follows,  observing  that  the  angle  which  the  line  a'b' 
makes  with  ab  is  the  error  in  the  position  of  the  table.  As  the  table  now 
stands,  a'b'  is  parallel  with  AB,  but  we  want  to  turn  it  so  that  ab  shall 
be  parallel  to  the  same  line.  Place  the  alidade  on  a'b'  and  set  up  a  mark 
in  that  direction,  then  place  the  alidade  on  ab  and  turn  the  table  until  it 
again  points  to  the  mark ;  then  ab  will  be  parallel  to  AB,  and  the  table 
is  in  position.* 

Where  it  is  possible  to  get  the  two  signals  A  and  B  in  range,  it  is  easy 
to  determine  the  position  of  a  third  point  by  a  method  long  practiced  by 
topographers. 


*  See  Wainwright's  Plane  Table  Manual   for  a  second  method* 
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8«t  vp  the  table  anywhere  on  the  ranee^ine,  and  orient  |l>y  the  latter. 
Reseat  on  the  unknown  point,  drawing  the  line  anywhere  on  the  sh^ 
most  convenient.  Leave  a  signal  at  the  poeupied  p<Hnt  on  the  mnee'luie 
and  set  up  the  instrument  at  the  unknown  point.  Orient  by  the  line 
drawn  when  at  the  station  on  the  range^line,  sighting  on  the  latter  station. 
The  table  will  now  be  in  a  parallel  position  to  that  when  on  the  range  line, 
which  is  the  true  position,  and  the  unknown  point  may  be  dttenmnod  by 
reaeption  upon  the  two  fixed  points  and  their  projections. 


CHAPTER  XXVn 
TOPOGRAPHIC  SURVEYING 

In  topographic  surveying,  methods  of  leveling  are  combined  with  methods 
•f  horizontal  location.  So  many  combinations  are  poaeible  that  the  sub- 
ject eannot  be  comprehensively  treated  in  a  book  of  this  kind.*  The  aim, 
therefore,  is  to  explain  thoroughly  fundamental  principles,  and  then  to 
discuss  briefly  the  most  important  questions  which  arise  in  ordinary  topo- 
graphic survejdng.  Practically  every  surveying  instrument  may  be  used 
to  advantage  at  one  time  or  another  in  topographic  work,  and  hence  a 
thorough  knowledge  is  required  of  all  of  the  methods  of  horizontal  and  of 
vertical  control  explained  in  preceding  chapters. 


396.  Contour.  An  imaginary  line  on  the  earth's  surface 
containing  all  points  which  have  the  same  elevation  above  or 
below  some  assumed  datum,  e.g.,  the  sea-level. 

397.  Contour  Interval.  Since  there  are  an  indefinitely 
large  number  of  elevations  there  can  be  an  indefinitely  large 
number  of  contours.  It  is  customary  in  surveying,  however, 
to  work  with  contours  which  differ  in  elevation  by  even-foot 
intervals.  This  difference  in  elevation  between  two  successive 
contours  may  be  one  foot,  two  feet,  five  feet,  ten  feet,  or  any 
other  fixed  interval  assumed  to  meet  the  requirements  of  the 
work.  Different  intervals,  however,  are  not  used  in  the  same 
survey,  ie.,  the  contour  interval  for  any  survey  once  adopted  re- 
mains the  same  throughout  the  work. 

lUu9trcUion.  Imagine  the  earth's  surface  to  be  partly  covered  with 
water.  Suppose  that  the  surface  of  the  water  is  lowered  five  feet  at  a 
iiroe,  leaving  ccmtact-marks  at  the  end  of  each  interval.  These  marks 
correspond  to  five-foot  contours.  If  the  surface  of  the  water  be  lowe red- 
one foot  at  a  time,  the  contact-marks  correspond  to  one- foot  contours. 

Suggeation.  Select  a  small  plot  of  ground  with  an  irregular  surface, 
by  means  of  the  level  find  a  number  of  points  of  the  same  elevation  from 
30  to  50  ft.  apart,  mark  each  point  with  a  stake  or  a  chain-pin  and  imagine 
a  contour  passing  through  these  points.  This  is  an  excellent  way  for  the 
beginner  to  see  how  a  contour  winds  in  and  out  along  the  surface  of  the 
ground;  ultimately  he  must  learn  to  follow  with  the  eye  the  approximate 
windings  of  a  contoiu*  which  has  not  been  staked  out;  he  will  be  helped 
in  thisby  imagining  the  ground  intercepted  by  a  water  surface,  as  explained 
in  the  preceding  illustration. 

398.  Use  of  Contours.  A  map  without  contour-lines  sim- 
ply shows  the  relative  position  of  points  without  regard  to  ele- 
vations, but  when  contour-lines  are  added  the  approximate 

*  For  a  comprehensive  treatise  on  the  subject,  Topopraphic  Surveying, 
Iqr  H.  M.  Wilson  (Joha  Wiley  and  Sons),  is  recommended. 
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elevations  of  all  points  are  at  once  evident  from  inspection. 
Such  a  map  is  called  a  topographic  map,— it  represents  the 
configuration  of  the  earth's  surface. 


Illustration,  In  the  upper  portion  of  Fig. 
398  the  approximate  elevations  of  the  points 
A,  B,  and  C  are  shown  by  the  contour-lines, 
Tnus  it  is  seen  that  the  elevation  of  A  is 
somewhere  between  80  ft.  and  85  ft.,  B 
is  somewhere  between  05  ft.  and  100  ft. 
while  C  is  90  ft. 

The  lower  portion  ot  the  figure  is  a  ver- 
tical section  at  EE,  There  is  nothing 
shown  by  this  section  which  is  not  evident 
from  a  study  of  the  contour-lines.  On 
the  contrary  the  contour-iines  show  the  ex- 
act shape  of  the  hill  better  than  the  section 
From  the  latter,  one  might   suppose  the 

?;round  to  run  in  the  form  of  a  ridge,  but 
rom  the  contours  it  is  seen  to  be  a  cone- 
shaped  hilL 

Question,  If  the  hill  were  a  perfect  cone^ 
would  the  contour-lines  be  perfect  circles 
with  a  common  center? 


Fig.  398. 


399.  Contour-lines,  Fundamental  Principles. 

1.  AU  points  on  the  same  contour-line  have  the  same  elevation, 

2.  Two  contour-lines  of  different  elevations  cannot  cross  each 
other,  If  they  did,  the  point  of  their  intersection  would  have 
two  different  elevations,  which  is  absurd.  (How  can  an  over- 
hanging ch'ff  or  a  cave  be  an  exception  to  this  rule?)  Contour- 
lines  of  different  elevations  sometimes  appear  to  merge  in  one 
line  as  in  the  case  of  a  vertical  cliff. 

3.  Two  different  contour-lines  of  the  same  elevation  cannot 
merge  and  continue  as  one  line.  For  the  single  line  would  indi- 
cate a  knife-edge  ridge  or  depression,  something  which  does 
not  occur  in  nature.    Different  contours  of  the  same  elevation, 

*  however,  often  approach  very  near  to  each  other. 

4.  Contour  lines  near  together  indicate  a  steep  slope, — far 
apart  a  gentle  slope, — equally  spaced  a  uniform  slope.  It  is 
evident  that  the  horizontal  distance  between  successive  contour- 
lines  indicates  the  rate  of  slope. 

5.  A  contour  passing  through  any  point  is  perpendicular  to  the 
line  of  steepest  slope  at  that  point.  This  agrees  with  (4),  since 
the  perpendicular  distance  between  contour-lines  is  the  shortest 
distance.     Ridge  and  valley  lines  cross  contours  at  right  angles. 

6.  A  closed  contour-line  with  one  or  more  higher  ones  in- 
closed indicates  a  hill  (Fig.  398);  with  one  or  more  lower 
ones  inclosed  it  indicates  a  depression  without  an  outlet  (Fig. 
402  (&).  p.  340), 
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7.  A  contour-line  cannot  have  an  end  within  the  limits  of  the 
map;  it  must  either  close  upon  itself  i  or  else  it  must  begin  at  some 
point  on  the  edge  of  the  map  and  extend  continuously  until  it  dis- 
appears at  some  other  point  on  the  edge  of  the  map, 

8.  The  contours  at  the  top  of  a  ridge  or  at  the  bottom  of  a  val- 
ley either  close  or  go  in  pairs.  For  the  highest  horizontal  plane 
that  cuts  a  ridge  must  cut  it  on  both  sides;  the  same  is  true  of 
the  lowest  horizontal  plane  that  cuts  a  valley. 

9.  No  single  contour-line  can  intervene  between  two  higher  or 
two  lower  contour-lines.    This  follows  from  (8). 

10.  No  'Contour  line  should  be  drawn  across  a  stream.  The 
contour  turns  upstream  until  it  disappears  in  coincidence  with 
the  line  defining  the  stream  or  ravine.  Questions:  Why  can- 
not a  contour  turn  downstream?  If  the  bed  of  the  stream  or 
the  bottom  of  the  ravine  rises  above  the  plane  of  a  contour  is 
there  an  exception  to  the  rule,  i.e.,  does  the  contour-line  cross? 
Is  (10)  an  exception  to  (7)? 

400.  Ridge  Lines  and  Valley  Lines  indicate  largely  the 
general  character  of  the  surface  of  the  country. 

Ridge  lines  or  watershed  lines:  Lines  along  the  tops  of  ridges 
dividing  watersheds,  i.e.,  on  one  side  of  a  ridge  line  water  will 
flow  in  one  direction,  on  the  other  side  in  the  opposite  direction. 

Valley  lines  or  thalwegs:  Lines  along  the  bottom  of  valleys 
where  the  two  sides  of  the  valley  meet.  They  are  often  indi- 
cated by  streams  and  rivers  which  follow  them. 

The  sharpest  bends  or  curves  in  contour-Unes  occur  at  points 
on  ridge  lines  and  valley  lineSj  the  convex  side  of  the  curve 
being  toward  the  lower  ground  for  ridges,  toward  the  higher 
ground  for  valleys.  (See Fig.  398, p. 338,  and  Fig.  402  (6),  p.  340.) 

401.  Topographic  Surveying.  The  field  work  may  be 
divided  as  follows:  (1)  Establishing  stations  and  main  lines  of 
reference.  (2)  Locating  contours;  (3)  Locating  roads,  build- 
ings, boundary-lines,  streams,  and  other  details.  (4)  Taking 
field  notes  and  sketching  topography.  The  work  may  be  fur- 
ther subdivided  inta  two  parts:  (1)  that  which  pertains  to  hor- 
izontal control  (horizontal  measurements),  and  (2)  that  which 
pertains  to  vertical  control  (leveling  or  hypsometry).  In  small 
surveys  all  of  this  work  may  be  carried  along  simultaneously 
and  by  one  party,  but  in  more  extensive  surveys  it  is  usually 
divided  up,  one  party  establishing  the  stations  or  principal 
points  of  horizontal  control,  another  party  establishing  the  ele- 
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vations  ol  stations,  of  bench-marks,  and  of  other  pomts  of  verti- 
cal control,  while  other  parties  follow,  filling  in  contours  and 
topographic  details.    No  new  principles  are  involved. 

Points  of  horizontal  control  are  established  by  traverses 
(Chapter  XII)  or  by  triangulation  (Chapter  XVI),.  while  details 
are  located  by  the  methods  of  Chapter  XIII. 

Points  of  vertical  control  are  established  by  spirit-leveling, 
trigonometric  leveling,  or  by  the  use  of  the  aneroid  barometer 
(Chapters  XIX-XXI).  The  distinguishing  characteristic  of 
topographic  surveying,  however,  is  the  location  and  sketching 
of  contours,,  and  this  part  of  the  work  calls  for  further  ex- 
planation. 

403.  Locating  Contoars.    There  are  two  general  methods: 

(1)  locating  points  on  each  contour  near  enough  together  to 

determine  the  contour-line,  and  (2)  locating  points  at  random, 

but  so  chosen  that  when  they  are  plotted,  contour-lines  can  be 

interpolated.    In  either  case  each  point  must  be  located  with 

respect  to  some  line  between  stations  (horizontal  control),  and 

its  elevation  determined  with  respect  to  the  assumed  datiun 

(vertical  control). 

(a)  lUvstralion,  Method  (a).    In  Fig.  402  (a)  the  dots  represent  points  Io« 
oated  in  tiie  field.     These  points  were  taken  first  on  one  contour  and  then 

on  the  next.  Thus  a  ntimber  of 
points  at  irregular  intervals,  as  1»  2, 
3.  4,  5,  and  6,  each  having  an  ele- 
vation of  100  ft.,  were  located  witb 
respect  to  stations  E  and  wF*.  and  the 
100  ft.  contour-Une  sketched  through 
these  points.  Then  a  number  of 
other  points  at  irregular  intervals, 
each  having  an  elevation  of  105  ft., 
were  located  and  the  105  ft.  contour 
sketched  in.  In  a  similar  manner  the 
other  contours  were  successively  es- 
tablished by  locating  the  points  in- 
dicated by  the  dots.  The  routine  of 
the  field  work  will  be  further  explained  in  Art.  411  (a),  p.  348. 

(6)  Illuairatt'on,  Method  (6).  The  dots  (Fig.  402  (6))  represent  points 
taken  at  random  in  the  field.  Each  point  was  located  with  respect  to  star- 
tions  Af  and  JV,  and  its  elevation  de- 
termined. These  points  were  then 
plotted  and  usea  to  locate  the  points 
on  contour-lines  (indicated  by  cir- 
cles). The  latter  were  found  by  in- 
terpolation. Occasionally,  by  chance, 
a  point  located  in  the  field  happens  to 
be  a  point  on  a  contour-line.  It  will 
be  noticed  tliat  a  point  indicated  by 
a  dot  can  be  used  for  locating  more 
than  one  contonr-point.^  Thus,  for 
example*  circle  (2)  was  interpolated 
between  'lots  0^  and  C4)  while  circle 


Fiu.  402  (a). 


Fig.  402  (b). 


(3)  was^  taiterpolated  between  (1  )^  and 


.      The  elevations  from  the  field  notes  were  (l)-d3.5,  (4) -•7.3.  and 
(B)""07^«     For  the  methods  of  interpolating  contours  see  page  497. 
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Fig.  402  (c). 


(e)  Method  (b)  modified.  For  a  small  area,  as  a  building-lot*  or  a  city 
park,  or  a  field  to  be  graded,  Method  (6)  is  ofteo  used  in  connectioo  with 
a  system  of  squares.  These  squares  are  simply  a  convenient  method  of 
locating  poiots.     The  method  is  used  also  for  more  extended  surveys. 

IlltLstration.  A  building-lot  about  160  ft.  X  190 
ft.  is  shown  in  Fig.  402  (c).  A  rectangle  160 
ft. X 200  ft.,  subdivided  into  20-ft.  squares,  was 
staked  out,  and  elevations  taken  at  the  four  cor- 
ners of  each  square  (at  points  indicated  by  dots). 
From  these  pourts  contour-lines  were  sketched  in 
by  interpolation,  as  in  the  preceding  illustration. 
When  required  by  any  sudden  change  in  contours, 
intermediate  points  other  than  comers  of  squares 
may  be  taken.  Each  comer  of  a  square  is  known 
by  the  letter  and  number  corresponding  to  the  in- 
tersecting hnes.  Thus  tha  dot  indicated  by  the 
circle  is  C8. 

Size  of  aquares.  In  any  given  case  make  the 
squares  as  large  as  possible,  vet  small  enough  to 
confom  to  the  inequalities  of  the  ground  and  to 
the  accuracy  required.  In  rough  surveys  over  ex- 
tensive flat  areas,  squares  several  hundred  feet  on 
a  side  may  be  used. 

403.  Methods  of  Horizontal  Control,  {a)  Location  of  refer^ 
ence-lines.  In  an  extensive  survey  the  first  step  is  to  estahlis}^ 
the  most  important  or  primary  stations.  This  is  usually  done 
by  triangulation,  and  in  Chapter  XVI  suggestions  are  givenk 
for  locating  the  base-line,  choosing  stations,  building  signals, 
and  carrying  on  the  work  of  triangulation.  Starting  from  any 
triangulation  station,  traverses  may  be  run  to  establish  secondary 
stations,  each  traverse  closing  on  some  primary  station,  though 
not  necessarily  upon  the  one  from  which  it  started.  In  this 
way  the  lines  between  triangulation  stations  form  a  skeleton 
upon  which  the  survey  is  built,  and  this  skeleton  is  further  de- 
veloped by  traverse-lines,  until  every  portion  of  the  ground  is 
covered.  Any  of  the  methods  of  Chapter  XII  may  be  used 
for  running  traverses.  The  azimuth  method  is,  perhaps,  the 
best,  except  for  work  in  cities  and  in  other  places  where  the 
needle  is  useless  as  a  check.  The  compass  or  the  plane-table 
is  often  used,  either  in  connection  with  transit  traverses  or  in 
place  of  them. 

Remark.  For  small  areas  triangulation  is  unnecessary,^  and  only  one 
sysrtem  of  reference  fines  is  used,  but  for  very  large  surveys  it  is  not  unusual 
to  establish  primary  stations  by  triangulation,  secondary  stations  by  run- 
ning transit-lines,  and  still  other  stations  by  the  compass  method  or  by  the 
use  <A  the  plane-table.     (See  seventh  illustration,  p.  352.) 

(6)  Reference  meridian.    In   extended    topographic   surveys 

^  is  customary  to  establish  a  true  meridian  (see  Chapter  XXVIII ) 

and  to  "tie"  the  skeleton  of  the  survey  to  this  meridian.    The 

most  direct  method  of  tying  to  the  meridian  is  to  measure  the 

angle  between  this  meridian  and  some  main  line  of  the  survey^ 
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then  the  true  bearing  of  the  remaining  h'nes  may  be  calculated. 
The  angle  may  be  measured  by  repetition,  as  explained  on  p. 
195,  several  sets  being  taken.     (See  also  p.  389,  Art.  445  (3).) 

(c)  Location  of  details.  Details  are  located  from  the  nearest 
or  most  convenient  stations  by  the  methods  of  Chapter  XIII. 
Important  points  near  stations  are  usually  located  by  angle  (or 
azimuth)  and  distance,  but  for  much  of  the  work  methods  in- 
volving linear  measurements  only  are  used.  Thus  roads, 
streams,  fences,  and  even  buildings  may  be  located  wholly  by 
offsets  (p.  138).  For  indefinite  lines,  such  as  edges  of  woods, 
banks  of  rivers,  and  irregular  roads .  the  method  of  intersections 
(p.  137)  is  a  rapid  method,  especially  if  a  plane-table  is  used, 
and  it  is  accurate  enough  for  the  purpose. 

(d)  Location  of  contours.  As  far  as  horizontal  control  is  con- 
cerned, it  makes  no  difference  whether  the  points  to  be  located 
are  on  the  contours  themselves  (Method  (a),  p.  340),  or  whether 
they  are  taken  at  random  for  interpolating  contours.  Any 
point  may  be  located  by  some  one  of  the  seven  methods  given  on 
p.  4,  but  probably  the  method  most  used  is  the  angle-and- 
distance  method.  For  angular  measurements  the  azimuth 
method  is  used  perhaps  more  frequently  than  the  direct-angle 
method,  because  of  the  ease  with  which  readings  may  be  checked 
by  the  needle.  For  linear  measurements,  the  stadia  is  more 
useful  than  the  tape,  since  it  is  quicker,  and  the  accuracy  re- 
quired for  side  shots  is  not  great.  Other  methods  of  horizontal 
control  include  dividing  the  area  into  squares  or  rectangles 
(Method  (c)  p.  341 ;  see  also  fourth  illustration,  p.  350),  by  locating 
contour  points  on  lines  at  right  angles  to  the  transit-line  (Offset 
method;  see  fifth  illustration,  p.  351),  and  by  intersection  (a 
method  used  principally  in  plane-table  work). 

(e)  The  method  of  procedure  at  any  one  station  is  outlined  on  page  154 
for  the  d'rect-angle  method,  and  page  156  for  the  azimuth  meth<xl.  If 
traverse-lines  and  other  reference -Hnes  have  been  established,  some  of  the 
steps  pertaining  to  the  location  of  stations  may  be  omitted — simply  follow 
the  directions  for  taking  side  shots.  In  such  a  case  the  work  of  locating 
contours  may  be  begun  at  any  station,  but  in  the  case  of  the  azimuth  method, 
the  following  precaution  must  be  observed. 

(/)  Precaution.  In  starting  at  any  station  the  transit  must  be  oriented 
by  backsighting  along  some  main  Une  of  the  survey,  the  vernier  being  set 
at  the  azimuth  (or  back  azimuth)  already  determined  jar  that  line^  so  that 
all  azimuths  will  be  measured  from  lines  parallel  to  the  same  reference 
meridian.  Sometimes  when  the  main  lines  have  not  been  run  by  the 
azimuth  method,  but  it  is  desired  to  use  that  method  for  side  shots,  the 
bearing  of  the  backsight  has  to  be  calculated  (p.  126),  and  this  bearing 
changed  to  the  corresponding  azimuth.  When  the  reference  meridian  is 
a  true  north  and  south  line,  it  is  well  to  set  ofiF  the  decHnation  arc  (p.  124). 

ia)  Precautions  in  eetablishing  subatationa.     When  it  becomes  neoeesaty 
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to  establish  a  substation  more  care  should  be  exercised  than  for  an  ordinary 
side  ahot.  Thus,  for  example,  the  azimuth  should  be  checked  by  the 
needle,  and,  if  the  stadia  is  used,  the  distance  should  be  read  from  each 
end  of  the  line.  The  correct  location  of  all  points  taken  at  a  substation 
depends  of  course  upon  the  correct  location  of  the  substation  itself. 

Ih)  Reading  horizontal  angles  to  contour-pointa.  Side  shots  are  rarely 
longer  than  500  ft.  An  error  of  10  minutes  amoimts  to  a  displacement 
of  not  more  than  H  ft.  at  600  ft.,  and  of  only  about  0.3  ft.  at  100  ft.  from 
the  transit  (p.  105).  As  it  makes  little  difference  whether  a  contour-point 
is  one  or  two  feet  one  way  or  the  other,  and  as  limb-readings  can  be  esti- 
mated easily  to  less  than  ten  minutes,  it  follows  that,  as  a  rule,  it  is  not 
necessary  to  read  the  vernier  in  locating  contour-pointa — simply  estimate  the 
reading  from  the  limb, 

404.  Methods  of  Vertical  Control,  (a)  Primary  stations. 
The  first  step  is  to  ascertain  the  elevations  of  the  principal  stations, 
or  else  to  establish  bench-marks  near  them,  so  that  a  party  can 
start  from  any  station  to  locate  contours,  or  several  parties 
can  start  simultaneously  from  different  stations.  When  the 
principal  stations  are  located  by  triangulation,  it  involves  very 
little  additional  field  work  to  ascertain  their  elevations  by  trigo' 
nometric  leveling, — simply  measure  the  vertical  angles.  (See 
Triangidation  and  Trigonometric  Leveling,  p.  200.)  Another 
method  is  that  of  spirit-levehng,  and  still  another,  for  rough 
work,  is  barometric  leveling  (pp.  245  and  265).  Sometimes 
all  three  methods  are  used. 

(6)  Elevations  of  traverse  stations  or  nearby  bench-marks 
are  usually  determined  by  spirit-leveling,  the  leveling  party 
following  close  behind  the  traverse  party.  For  compass  trav- 
erses the  aneroid  barometer  will  sometimes  give  close  enough  re- 
sults (p.  267).  Permanent  bench-marks  should  be  placed  near 
stations  and  in  other  places  where  they  will  be  of  use  in  contour 
work. 

(c)  Elevations  of  contour-points.  When  each  contour  is  run 
in  separately  (Method  (a),  p.  340),  points  at  the  elevation  of  the 
contour  are  usually  determined  by  spirit-leveling,  either  an 
ordinary  level  or  a  hand-level  being  used.  The  spirit-level 
may  be  used  also  for  finding  the  elevations  of  points  taken  at 
random  (Method  (6),  p.  340),  but  when  such  points  are  on 
steep  slopes  not  many  of  them  can  be  taken  without  moving  the 
level — a  decided  disadvantage.  It  is  better  in  such  cases  to 
use  the  stadia-vertical-angle  method  (explained  on  p.  308), 
so  that  points  up  and  down  the  slope  can  be  taken  from  one 
set-up.  A  third  method  used  in  rough  work  is  to  find  the 
elevation  of  points  by  the  aneroid  barometer. 

(d)  Reading  vertical  angles  to  contour-points.  The  directions  for  measur- 
ing horisootal  angles  (Art.  403  (A))  hold  good  for  vertical  angles  also.    For  a 
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sight  from  100  to  200-ft.  long  an  error  of  10  min.  cau^s  an  error  of  from 
0.8  ft.  to  0.6  ft.  in  elevation;  this  is  no  more  than  the  difference  in  keight 
between  the  top  and  bottom  of  a  grass  hummock,  hence  the  absurdity  of 
reading  vertical  angles  to  the  nearest  minute  in  getting  heights  for  contours 
in  ordinary  work.  Occasionally,  on  long  sights,  it  may  be  necessary  to 
eonsult  the  vernier,  but  moat  of  the  angles  shovld  he  read  directly  from  the 
vertical  arc,  estimating  the  minutes.     (See  p.  309.) 

405.  Choosing  Stations  for  Horizontal  Control.    When 

stations  for  horizontal  control  are  established  by  triangulation, 
the  accuracy  of  the  work  will  depend,  to  a  great  extent,  on 
the  proper  proportions  of  each  triangle  (p.  192).  When  traverses 
are  run,  the  suggestions  for  choosing  stations  given  in  Art.  216, 
page  149  should  be  followed.  In  general,  contours  are  most  easily 
controlled  from  stations  along  ridge  lines  and  valley  lines. 
Stations  should  be  located  also  near  prominent  topographic 
features,  such  as  deep  guUeys,  high  cliffs,  ponds,  lakes,  and 
watercourses.  (See  Art.  247,  p.  192  for  other  suggestions  con- 
cerning the  choice  of  primary  stations.) 

406.  Choosing  Stations  for  Vertical  Control.  In  tri^ 
angulation,  stations  should  be  chosen  with  proper  regard  for 
vertical  control  as  well  as  horizontal  control,  especially  if  trigo- 
nometric leveling  is  employed.  In  traverses,  if  the  suggestions 
of  the  preceding  paragraph  are  followed,  the  stations,  as  a  rule, 
will  be  weU  located  for  vertical  control. 

407.  Choosing  the  Controlling  Points  of  Contours*  In 
running  in  contours  by  Method  (a),  p.  340,  points  should  be 
chosen  near  enough  together,  so  that  no  appreciable  error  will 
exist  when  the  contour-lines  are  sketched  through  them.  This 
will  depend  to  a  large  extent  upon  (1)  the  regular  or  irregular 
nature  of  the  ground,  and  (2)  upon  the  scale  adopted  for  the 
map.  The  critical  points^of  contours  are  usually  apparent  to 
the  eye  and  these  points  should  always  be  taken.  Thus,  points 
should  be  near  together  at  sharp  curves  or  abrupt  changes  in 
direction, — farthest  apart  where  contours  are  nearly  straight. 
In  uniform  slopes  the  highest  and  lowest  contours  having  been 
run  in,  the  others  can  frequently  be  interpolated  without  any 
field  work,  or  perhaps  every  fifth  contour  may  be  located  and 
the  others  interpolated. 

(a)  When  contours  are  interpolated  from  points  taken  at  ran- 
dom (second  method,  p.  340)  the  preceding  suggestions  still 
hold  good,  the  points  in  general  being  taken  close  together  for 
uneven  ground  or  steep  slopes  and  farther  apart  for  even  ground 
or  gentle  slopes.    In  this  method  points  on  ridge  lines,  valley 
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Hues,  tops  and  bottoms  and  changes  of  slope  should,  as  far  as 
possible,  be  located. 

In  either  method  it  is  a  waste  of  time  to  take  points  too  near 
together  when  the  scale  of  the  map  is  small,  while  it  leads  to 
inaccuracy  to  take  them  too  far  apart  when  the  scale  is  large. 

408.  Choosing  Contour  Intervals.  The  contour  inter- 
val dep>ends  almost  entirely  upon  the  purpose  of  the  survey. 
Thus,  for  example,  in  the  survey  of  a  city  lot,  a  two-foot  inter- 
val or  even  a  one-foot  interval  may  be  necessary;  for  the  pre- 
liminary survey  in  railway  location  a  five-foot  interval  is  often 
adopted;  for  more  extended  surveys,  such  as  the  United  States 
Geological  Survey,  20-ft.,  50-ft.,  and  even  200-ft.  intervals 
are  used. 

409.  The  Choice  of  Methods  and  of  Instruments  in 
topK>graphic  surveying  depends  upon  the  nature  of  the  ground 
and  the  purpose  for  which  the  survey  is  made,  especially  upon 
ike  related  questions  of  speed  and  accuracy.  Practically  every 
method  and  every  instrument  may  be  used  to  advantage  at  one 
time  or  another  in  topographic  surveying.*  Even  in  the  same 
survey  various  parts  of  the  work  may  call  for  the  use  of  dif- 
ferent methods  and  different  instruments.  Thus,  for  example, 
in  an  extensive  survey  less  accurate  methods  and  instruments 
are  used  for  running  secondary  traverses  than  for  establishing 
the  primary  stations  or  skeleton  upon  which  the  surVey  is  bung, 
while  the  contours  and  topographic  details  may  be  filled  in  by 
the  use  of  still  less  accurate  methods  and  instruments. 

The  instruments  and  methods  chosen  for  vertical  contrcd 
should  correspond  in  accuracy  to  those  chosen  for  horizontal 
eontrol.  For  example,  if  rough  instruments  are  used  for  locating 
points,  rough  instruments  are  used  for  finding  their  elevations* 
There  are,  of  course,  exceptions  to  this  rule.  Consistent 
accuracy  ^ould  be  maintained  between  linear  and  angular 
measur^nent.  For  example,  it  is  necessary  to  measure  the  base- 
line of  the  triangulation  with  great  accuracy,  but  compass- 
lines  may  be  measured  roughly  or  even  paced  in  some  cases. 

The  ntunber  of  possible  combinations  of  instruments  and  of 


♦  Even  the  camera  may  be  used  to  advantage  in  topographic  surveys 
coctendinc  over  large  sreais,  »nd  the  science  oT  photographic  surveying 
constitutes  a  branch  in  itself.  See  Wilson's  Topographic  Surveyi7ig,  p.  292, 
aiKl  An  Elementary  Treatite  on  Photographic  Methods  and  Instruments  by 
J.  A.  flemer  CJokn  Wiley  and  Sone). 
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methods  Is  too  large  to  be  given  in  detail,  but  some  of  the 
most  common  combinations  are  suggested  below. 


Combinations  of  Instruments 

&.ND  Methods 

Horizontal  Control 

Vertical  Control 

Points  Located 

Instruments 

Methods 

Instruments 

Method  of 
Leveling 

Triangulation  Sta^ 
tions 

Secondary     •• 

•  •                                  «4 

Contours 

Transit 

tape 

Transit,   tape 
or  stadia 

Compass  and 
chain 

Plane     table, 
tape  or  sta- 
dia 

Transit,   tape 
or  stadia 

Compass, 
chain     or 
pacing 

Plane     table, 
tape  or  sta- 
dia 

Traverse 
board,  chain, 
pacing 

Traversing 

Traversing — 
Azimuths 

Traversing — 
Bearings 

Traversing 

Azimuths    or 

squares 
Bearings      or 

squares 

Radiation,  in- 
tersections 

Radiation,  in- 
tersections 

Transit    or 

level 
Level 

Level 

Level  or  ba- 
rometer 

Level  or  ba- 
rometer 

Transit    or 
level 

Level  or  ba- 
rometer 

Level  or  ver- 
tical arc 

Hand  level  or 
barometer 

Tri^nomet- 

nc  or  spirit 
Spirit 

Spirit 

Spirit  or  bar- 
ometric 

Spirit  or  bar- 
ometric 

Vertical  angle 
or  spirit 

Spirit  or  bar- 
ometric 

Spirit  or  ver- 
tical angle 

Spirit  or  bar- 
ometric 

410.  Field  Notes.  There  are  two  general  methods  of  keep- 
ftig  field  notes  in  topographic  surveying:  (1)  Keeping  them 
according  to  one  of  the  methods  of  Chapter  XV,  making  no 
attempt  to  plot  to  scale.  (2)  Plotting  the  notes  to  scale  and 
carefully  sketching  the  contour-lines  in  the  field.  The  latter 
method  requires  more  time  in  the  field,  but  saves  time  in  the 
office.  The  first  method  is  generally  used  for  small  areas,  the 
second  for  large  areas. 

First  Method.  The  combination  method  (p.  166)  is  gener- 
ally preferred.  The  points  on  the  sketch  on  the  right^and 
page  should  be  carefully  numbered  to  conform  to  some  well- 
understood  system.  Thus,  for  example,  all  points  on  the  100- 
ft.  contour  may  be  mmibered  100  regardless  of  location,  all 
points  on  the  105-ft,  contour  may  be  numbered  105  and  so  on, 
the  location  of  the  points  being  given  in  the  tabulated  form  on 
the  left-hand  page.  If  points  are  taken  at  random  and  contours 
afterwards  interpolated,  it  is  better  to  give  each  point  a  sepa« 
rate  number,  and  to  note  its  elevation  in  a  column  set  apart 
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for  that  purpose.  Notes  for  stations  and  details  are  kept  by 
the  usual  methods. 

Second  Method.  For  large  areas  the  results,  as  a  rule,  will  be 
far  more  satisfactory  if  the  topography  is  plotted  in  the  field. 
There  are  two  ways  of  doing  this :  (1)  By  the  use  of  the  plane- 
table  and  (2)  by  the  use  of  ordinary  plotting  methods.  The 
plane-table  is  especially  useful  for  filling  in  details  from  stations 
which  have  been  established  previously  by  more  accurate  in- 
struments. Sometimes  the  entire  survey  can  be  made  with  it. 
(See  Chapter  XXVI.)  When  ordinary  plotting  methods  are 
used  angles  and  distances  are  plotted  as  fast  as  measured,  and 
contours  sketched  in.  In  this  way  errors  and  omissions  are 
likely  to  be  detected  and  doubtful  points  settled.  Thus,  with 
the  land  actually  before  him,  the  topographer  can  secure  a 
more  truthful  representation  of  it  than  he  could  otherwise. 
Various  devices  are  used  to  facilitate  the  plotting,  such  as  sketch- 
ing-boards, various  forms  of  protractors,  and  especially  de- 
signed cross-section  paper. 

Sketching.  In  order  to  sketch  topography  successfully  in  the 
field,  one  must  have  a  faculty  of  selecting  the  most  important 
topK>graphic  features  and  transmitting  them  to  paper  in  their 
proper  relations.  This  sense  of  topography  comes  only  from 
long  experience.  In  ordinary  class  work  the  beginner  first 
plots  points  of  known  elevation,  as  fast  as  they  are  determined, 
and,  guided  by  these  points,  he  sketches  in  each  contour;  his 
imagination  aided,  perhaps,  by  the  conception  of  a  water  surface. 
(See  suggestion  p.  337.)  Successive  points  on  the  same  contour 
should  be  joined  as  soon  as  they  have  been  plotted,  by  an  irregu- 
lar line  which  corresponds  as  nearly  as  possible  to  the  actual 
contour  which  it  represents.  If  contours  are  interpolated,  they 
should  be  carried  along  in  a  similar  manner.  It  answers  the 
purpose  in  many  cases  simply  to  interpolate  contour  points  by 
eye;  for  more  accurate  methods  of  interpolation  see  page  497. 
Each  contour  should  be  marked  in  one  or  more  places  with  its 
elevation. 

(a)  Practical  augaeations.  (1)  Even  when  the  combination  method  is 
used,  it  is  best  to  sketch  the  contours  as  correctly  as  possible  on  the  right- 
hand  page  of  the  note-book.  A  very  good  book  for  this  purpose  has  the 
page  divided  bv  radiating  lines  and  concentric  circles,  so  that  a  point  can 
be  plotted  quickly  by  azimuth  and  distance  without  the  use  of  instruments. 
(2)  A  common  mistake  is  to  record  the  azimuth  to  one  point  and  the  dis- 
tance to  another  pointi  as  if  they  were  taken  to  the  same  point.  (3)  When 
notes  are  plotted  in  the  field,  the  drawing-board  may  be  mounted  on 
a  tripod  and  e^t  up  near  the  transit.    Instead  of  using  a  protractor  it  ii 
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•ometimes  moM  eonvement  to  sd'^t  the  notes  on  pap^  or  Biiatol-bowrd 
which  has  printed  upon  it  a  full  circle  graduated  to  quarter  degrees.  This 
paper  comes  in  sheets  and  may  be  obtained  from  dealers  in  such  supplies. 

(4)  Keep  track  of  points  as  fast  as^  they  are  plotted  by  marking  each  point 
with  its  elevation.  This  is  especially  important  when  points  are  taken 
at  random  and  contours  are  interpolated,  otherwise  eonfusion  will  result. 

(5)  A  disadvantage  common  to  all  plotting  operations  in  the  field,  includ- 
ing the  plane-table,  is  the  change  in  the  paper  due  to  moisture.  This  is 
partially  overcome  by  using  mounted  paper,  and  by  dampening  it  slightly 
before  stretching  it  on  the  board.  Let  the  paper  e:^nd  over  the  edges  dE 
the  board  and  fasten  it  on  the  under  side  by  thumb-tacks  close  together. 
Sometimes  mucilage  is  used.  ^  In  very  damp  places,  where  water  is  likely 
to  drip  on  the  board,  celluloid  sheets  have  been  tised  in  place  of  paper. 

(6)  The  suggestions  for  choosing  a  scale  for  plane-table  work  (p.  328)  bold 
good  for  topographic  work  also. 

41 L  Field  Routine*  Chi  page  346  several  combinations 
of  instnun^its  and  of  methods  are  suggested  for  topographic 
surveying.  In  this  article  the  field  routine  corresponding  to 
ea^  of  several  combinations  is  outlined.  It  is  assumed  in 
each  illustration  that  the 'stations  are  chosen  in  acoordance 
with  Art.  405,  p.  344,  that  the  contour  interval  has  been  adopted 
to  suit  <iie  purpose  of  the  survey  (p.  345),  that  all  details,  other 
than  contours,  are  located  by  the  usual  methods  (Chapt^ 
XIII),  and  that  the  controlling  points  of  contours  aie  chosen 
according  to  Art.  407,  p.  344.  The  main  points  to  be  brought 
out  are:  (1)  How  controlling  points  are  located  horizontally, 
and  (2)  how  their  elevations  are  determined,  (3)  How  to 
start  at  any  station.  (4)  How  the  levelman,  the  transitman, 
and  other  zaemb^s  of  the  party  may  work  together  to  economize 
time. 

Eadb  illustration  begins  with  a  statement  of  the  extent  of  the 
survey,  the  accuracy  and  speed  required,  the  instruments  chosen, 
and  the  methods  used.  It  is  understood  that  the  work  per- 
taining to  horizontal  control  and  that  pertaining  to  vertical  con- 
trol are  carried  on  simultaneously,  as  far  as  possible. 

Remark.  The  methods  of  procedure  given  in  the  following  iUustratiom 
may  be  modified  in  many  ways  to  suit  conditions.  Thus,  for  example,  it 
is  often  advantageous  to  use  the  direct-angle  method  in  place  of  the  azimuth 
method,  especiafly  if  stations  cannot  be  occupied  in  regular  order  (p.  129). 
The  illustrations  suggest  how  to  proceed  for  different  combinations  of  in^ 
stmments  and  of  methods — this  is  the  first  thing  to  learn;  then  the  studezrt 
should  begin  a  study  of  the  advantages  and  disadvantages  of  the  differeat 
combinations,  a  full  knowledge  of  which  can  be  gained  only  by  extended 
experience  in  the  field.  Special  attention  is  called  to  the  last  illustration  on 
p.  352,  since  it  combines  in  one  survey  nearly  all  the  methods  of  topographic 
surveying  and,  hence,  serves  as  a  summary  of  this  chapter. 

(a)  First  Illustration.  Conditions:  comparatively  small 
area,  fair  degree  of  accuracy,  medium  speed,  5-ft.  contour  in- 
terval. Instruments:  transit,  level,  and  leveling-rod  (used  also 
as  a  stadia-rod).      Methods:    azimuth  method  (p.   156)   and 
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Btadia  metkod  (p.  300)  for  horizcmtal  control;  qnrft4eveling 
for  vertical  control;  method  of  running  in  contours  by  ascer- 
taining points  through  which  they  pass  (Art.  402  (a),  p,  340). 
Party:  tranaitinan,  note-keeper  or  draftsmaoi  levehnan,  and 
rodmaii. 

Method  of  procedure  fer  the  levdman,  (1)  Set  up  where  a  backsight  isan 
be  taken  on  some  bench  near  by,  and,  at  tiie  same  time,  near  enough  to  the 
transit  station  so  that  any  point  which  can  be  seen  from  the  transit  will 
be  visible  from  the  level  also.  (It  is  assumed  that  ben^es  have  already 
been  established  near  stations.)  (2)  Backsight,  find  H.I..  figure  the  grade* 
rod  for  one  of  the  contours.  (See  p.  243  for  grade-rod.)  It  is  well  to 
begin  with  the  highest  contour  that  can  be  run  in  from  the  first  set-up  of 
the  level  and  work  down  hill,  or  else  begia  ^th  the  lowest  aad  work  up  hilL 
(3)  When  as  much  of  the  first  contour  has  been  run  in  as  can  be  located 
eonveniently  from  the  transit  station,  run  in  two  more  in  the  same  way, 
moving  the  target  6  ft.  for  each  contour.  B^  this  time  it  wiU  be  neces- 
sary to  move  the  level,  hence  establish  a  turmng-point  as  far  down  hill  or 
up  hiU  as  practicable,  set  up  the  level  as  far  down  hill  or  up  hill  as  the 
turning-point  will  permit,  find  the  new  H.I.  and  the  new  grade-rod  for  the 
next  contour,  and  proceed  as  for  the  first  set-upi  (4)  Ckmtinue  the  work, 
moving  the  level  as  often  as  may  be  necesearv  until  all  the  00Btour-pQtn<» 
that  can  be  located  advantageously  from  the  transit  station  have  been  taken. 
II  the  work  has  been  carriea  on  down  hill  from  the  station,  it  may  be  neces- 
sary to  start  again  at  the  bench-mark  and  work  u^  hill,  or  vice  versa.  When 
benches  have  not  been  established  near  the  stations,  it  may  be  necessary 
to  take  extra  turning -points  in  carrying  the  work  from  one  station  to  the 
next ;  otherwise  it  is  better  to  start  anew  at  each  station  by  badcslghtipg 
en  the  bwich-fnark  near  it. 

Method  of  procedure  for  the  rodman.  (1)  Chwsk  the  grade-rod  for  the 
first  contow  as  figured  by  the  levekran,  set  the  taraet,  find  a  point  on 
the  contour  by  moving  the  rod  up  hill  or  down  hDl  until  the  levelman 
signals  that  the  line  of  sight  strikes  the  tanret»  and  then  hold  the  rod  for 
the  transitman  to  take  a  stadia  reading.  (The  levelman  should  not  snlit 
hairs  in  sighting.  Ctften  it  wiU  be  close  tfiou^  if  the  line  of  sight  striJces 
anywhere  on .  tne  target. )  (2)  Bepeat  for  other  points,  selecting  only 
critical  points  along  the  contour.  (See  p.  344.)  (8)  Check  the  grade-rod 
for  the  next  contour,  set  the  target,  ana  run  in  this  contour  hy  selecting 
critical  points  as  before.  Repeat  for  all  the  contours,  establishing  turning 
^nts  whenever  it  becomes  necessary  to  move  the  lev^  up  hill  or  down 

Method  of  procedure  for  the  tranaitman.  (1)  Set  up  and  orient  the  transit 
(p.  125).  Assuming  that  transit  stations  have  not  been  established,  it  will  be 
necessary  at  the  first  station  to  assume  the  meridian  of  the  survey.  (See  p.  121.) 
At  other  stations  the  azimuths  of  lines  n<  ust  be  with  reference  to  this  meridian. 
(See  precatUian,  403  (/),  p.  342  )  (2)  Take  the  azimuths  to  contour-poiQis 
as  fast  as  these  points  are  estabushed  by  the  level  i^arty,  reading  the  corre- 
sponding stadia  distance  and  vertical  angles.  (It  is  not  necessary  to  read 
tne  vernier  for  vertical  anfides  in  ordinary  work — estimate  the  minutes.) 
(See  Art.  152  (d).  P.  109.)  Vertical  angles  less  than  from  3°  to  5^*  may  be 
ignored.  (See  p.  307.)  (3)  Observe  the  nethod  of  procedure  for  the 
azimuth  method  (given  cm  page  156)^  in  running  transit  lines,  and  read  the 
stadia  distance  between  stations  twice,  once  ^om  each  end  of  the  line. 
Check  the  azimuths  of  all  transit  lines  by  the  needle,  and  check  at  least 
even'"  firth  side  shot  in  the  same  way. 

Method  of  procedure  for  the  draftsman,  (Vi  is  assumed  that  the  notes  ape 
plotted  in  the  field  as  fast  as  they  are  taken.)  (1)  Set  up  the  plotting- 
board  near  the  transit.  If  it  is  the  first  station,  draw  a  long  line  near  the 
center  of  the  board  to  represent  the  meridian.  Azimuths  may  be  plotted 
directly  fTom  this  line  or  from  parallel  lines  through  the  stations,  as  ex- 
plained in  the  chapter  on  Plottinio  Transit  Lines,  Part  IL  Use  a  protractor 
for  ordinary  work  or  else  some  fonn  of  plotting-paper.  (See  p.  347.)  (2) 
Plot  the  azimuth  to  each  point  as  soon  as  it  is  taken,  and  then  the  etaoia 
distance,  reducing  the  latter  to  a  horizontal  distance  when  the  vertical 
angle  is  greater  Utan,  say,  3*  <p.  480).  Keep  track  of  points  by  marking 
near  each  one  the  elevation  of  the  contour  which  passes  through  it«  and 
dceteh  in  eaeh  contour-line  as  fast  as  it  is  detennined  by  the  plotted  pointss 
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try  to  reproduce  each  contour  as  it  actually  appears  on  the  ground.  When 
the  points  have  been  taken  too  far  apart  and  the  sketch  shows  the  need 
of  more  points,  indicate  to  the  level  party  where  the  additional  points  are 
needed. 

When  the  notes  are  not  plotted  in  the  field,  use  the  combination  method 
and  the  form  of  notes  shown  on  page  311,  but  make  the  sketches  on  the 
right-hand  pages  represent  the  actual  contours  as  nearly  as  possible. 

(6)  Second  Illustration.  Conditions:  Same  as  in  the  preced- 
ing illustration,  except  that  points  are  taken  at  random  and  con- 
tours are  interpolated.  Methods:  The  only  change  in  routine  is 
in  the  leveling  and  in  the  plotting.  The  rodman  selects  critical 
points  where  the  slope  changes  (p.  344),  and  the  elevation  of 
each  point  as  determined  by  the  level  party  is  given  to  the 
draftsman.  The  latter  plots  these  points  as  in  the  preceding 
illustration,  and  marks  the  elevation  of  each  point;  but  instead 
of  sketching  contour-lines  through  the  points,  he  interpolates 
them  as  fast  as  the  plotted  points  permit  him  to  do  so. 

(c)  Third  Illustration.  Conditions:  an  area  of  considerable 
extent,  medium  accuracy,  rather  high  speed.  Instruments:  tran- 
sit and  stadia-rod  or  leveling-rod,  board  mounted  on  a  tripod, 
with  accessories  for  plotting,  including  protractor,  scale,  and 
triangles.  Methods:  azimuth  method  and  stadia  method  for 
horizontal  control,  vertical  angle  and  stadia  for  vertical  con- 
trol (p.  308) ;  points  chosen  at  random  for  interpolation  of  con- 
tours, (p.  340).  Party:  transitman,  rodman,  a  computer,  and 
a  draftsman. 

Method  of  procedure  for  the  transitman,  (1)  Set  up  and  orient  the  transit 
as  in  the  first  illustration.  (2)  Co-operate  with  the  rodman  in  setting  the 
target  in  order  to  determine  elevations  as.  explained  on  page  264.  Take 
the  azimuth,  the  stadia  reading,  and  the  vertical  angle  to  each  point  where 
the  rod  is  held.  (3)  Unless  the  lines  between  stations  have  already  been 
established,^  locate  them  as  usual.  (See  first  illustration.)  Usually  in 
this  work  it  ^is  better  to  establish  bench-marks  near  stations  by  spirit- 
leveUng,  but  if  this  has  not  been  done  it  will  be  necessary  for  the  transit- 
man  to  determine  elevations  from  station  to  station  by  vertical  angles. 

Method  of  procedure  for  the  rodman.  (1)  Set  the  target  (or  the  rubber 
band  on  the  rod)  from  the  nearest  bench,  or  in  some  cases  from  the  transit 
station  (pp.  244  and  264).  (2)  Hold  the  rod  on  ridge  lines,  valley  lines, 
wherever  the  slope  changes j  and  at  other  critical  points  (p.  344).  (Do- 
operate  with  the  draftsman  in  determining  what  points  are  needed. 

Method  of  procedure  for  the  computer.  Compute  the  horizontal  distance 
from  the  station  to  a  point  as  soon  as  the  transitman  has  given  the  stadia 
reading  and  the  vertical  angle:  while  the  draftsman  is  plotting  the  point, 
find  the  corresponding  vertical  distance,  and  from  that  ascertain  the  ele- 
vation of  the  point  with  respject  to  the  datum  used  for  the  survey.  See 
that  the  elevation  of  each  point  is  marked  near  its  plotted  position.  Use 
the  table  in  the  back  of  the  book  for  reducing  stadia  readings. 

Method  of  procedure  for  the  draftsman.  Hot  the  azimuth  of  the  line  to 
each  point  as  soon  as  the  transitman  reads  it  (see  first  illustration) ;  plot 
the  distance  as  soon  as  the  computer  has  ascertained  it ;  mark  the  eleva- 
tion near  each  point  as  soon  as  the  computer  has  calculated  it.  Be  careful 
to  keep  track  of  the  azimuth,  distance,  and  elevation  of  each  point  imtil 
there  is  no  chance  of  using  any  one  of  these  three  data  in  connection  with 
some  other  point.  Sketch  in  the  contours  as  fast  as  they  can  be  inter- 
polated from  the  points  plotted,  always  with  due  regard  to  the  ground  as 
it  appears  to  the  eye ;  when  in  doubt  call  for  other  points  to  be  taken  near 
the  doubtful  places. 

id)  Fourth  Illustration.  Conditions:  small  area,  high 
decree  of  accuracy,  low  speed,      Instnmer^s:   transit,  tape, 
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leveling-rod,  and  level  (or  the  transit  may  be  used  as  a  level). 
Method:  area  subdivided  into  squares  or  rectangles  for  hori- 
zontal control,  elevations  of  the  comers  of  the  squares  or  rect- 
angles taken  for  vertical  control,  contours  interpolated  (p.  341). 

Routine  of  the  field  work.  Decide  how  to  lay  out  the  squares  in  order 
to  cover  the  ground  to  the  best  advantage,  what  sice  to  make  them,  and 
in  what  direction  to  run  the  lines  (p.  341).  Stake  out  the  squares  with  the 
transit  and  tape.  (Two  or  three  set-ups  on  the  outside  corners  will  usually 
suffice,  the  interior  stakes  being  lined  in  by  eye.)  Backsight  on  a  bench 
near  by,  or  establish  one  if  none  exists,  find  the  elevation  of  the  ground  at 
each  stake  and  in  between  if  there  is  a  sudden  change  in  elevation,  and  thus 
determine  points  from  which  the  contours  can  be  interpolated.  The  level 
notes  should  include  sketches  on  the  right-hand  pages,  carefully  lettered 
and  numbered  according  to  some  well-understood  sjrstem  (p.  341),  and 
showing  all  dimensions  and  measurements  necessary  for  plotting. 

Note.  This  same  method  may  be  modified  for  very  rough  work  by 
using  the  compa.**s  for  running  out  the  lines,  and  a  clinometer  or  some  other 
rough  instrument  for  ascertaining  the  elevations.  Where  the  contour  in- 
terval is  Large,  the  barometer  may  be  used  for  vertical  control,  readings 
being  taken  from  the  altitude  scale.  ^  If  bench-marks  have  been  established 
here  and  there,  and  the  barometer  is  reset  to  correspond  to  the  elevation 
of  a  bench-mark  whenever  there  is  an  opportimity,  contours  may  be  sketched 
in  a  fairly  satisfactory  manner  by  this  method.  It  could  be  used,  for  ex- 
ample, in  combination  with  more  accurate  methods  for  securing  a  rough 
topoeraphic  map  of  a  large  wooded  area. 

(e)  Fifth  Illustration.  Conditions:  the  survey  progresses 
in  one  general  direction  as  in  railroad  work;  the  main 
transit  Unes  have  been  established,  and  the  elevations  of  points 
at  frequent  intervals,  say  at  every  100-ft.  station,  have  been 
found  by  the  method  of  profile-levehng;  fair  degree  of  ac- 
curacy, fair  speed,  and  a  5-ft.  contour  interval.  Instruments: 
two  hand-levels,  two  contour-rods,  a  sketch-board,  and  plotting- 
paper.  Methods:  running  in  contour-lines  by  ascertaining 
points  through  which  they  pass;  offsets  from  the  transit  line 
for  horizontal  control;  hand-levels  for  vertical  control.  Party  : 
two  men,  who  do  practically  the  same  work,  except  that  only 
one  of  them  plots  the  contours. 

Routine  of  the  field  work.  Leveler  No.  1,  resting  his  hand-level  on  the 
top  of  a  contour-rod,  backsights  on  a  station  of  known  elevation  to  get 
the  line  of  sight  at  the  height  of  some  even  5-ft.  contour.  (See  illustra- 
tion, p.  233.)  He  then  sends  Leveler  No.  2  out  at  right  angles  to  the 
transit  line  from  a  100-ft.  station  to  a  point  where  the  Hne  of  sight  cuts  the 

Soimd  (working  up  hill).  This  point  must  be  on  a  contour,  and  the  offset 
stance  to  it  may  be  measured  with  a  tape,  or  in  rough  work  it  may  be 
paced.  Leveler  No.  2  then  rests  his  level  on  a  contour-rod  at  this  point, 
and  sends  Leveler  No.  1  up  hill  to  a  point  where  his  line  of  sight  strikes  the 
ground,  Leveler  No.  1  either  carrying  one  end  of  the  tape  as  he  goes  or 
pacing  the  distance.  Thus  the  men  alternately  estabUsn  contour-points 
on  the  offset  line  as  far  up  hill  as  desired,  then  they  work  from  the  station 
down  hill  in  the  same  way.  (How  will  the  work  going  down  hill  differ 
slightly  from  the  method  just  explained?)  All  the  points  on  one  offset 
line  having  been  plotted,  the  party  repeats  the  work  at  the  next  100-ft. 
station.  Thus  the  work  is  carried  on,  contour-Unes  being  sketched  by 
joining  p>oints  of  the  same  elevation.  Offset  lines  are  taken  between 
stations  where  irregularities  in  the  surface  of  the  ground  render  it  necessarv. 
When  the  elevations  of  stations  have  not  been  established  previously 
it  will  be  necessary  to  take  turning-points  as  in  ordinary  leveling  in  going 
from  one  station  to  the  next. 

(/)  Sixth  Illustration.  A  plane-table  is  intended  pri- 
marily for  horizontal  control,  but  if  a  vertical  arc  is  attacned 
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to  the  telescope,  it  can  be  used  also  for  v€ftticaA  oofttfoL  In 
that  case  the  entire  work  in  the  third  illustration  (p.  350)  could 
be  done  with  the  plane-table,  no  other  instrument  being  re- 
quired* It  could  be  used  for  horizontal  control  in  the  first  an«l 
second  illustrations  (pp.  349  and  350),  taking  the  place  of  the 
transit  and  of  the  plot  ting-board,  the  contour-points  being 
located  and  plotted  simultaneously  as  fast  as  they  are  deter- 
mined by  the  level  party.  In  the  same  way.  it  could  be  used 
in  connection  with  the  hand-level  in  the  fifth  illustration;  in 
fact,  the  combination  of  the  traverse-board  (a  rough  plane- 
table)  and  the  hand-level  is  a  very  common  one. 

When  the  horizontal  distances  and  the  elevations  of  points 
are  reduced  from  stadia  readings  and  vertical  angles,  the  man 
who  runs  the  plane-table  may  be  assisted  by  a  computer,  whose 
duties  are  those  described  in  the  second  illustration. 

(0  Sevewth  Illustration,  Summary  of  Methods.  The  fol- 
lowing outline  indicates  the  work  done  by  a  class  in  making  a 
topographic  survey  of  a  rather  extended  area.  It  was  desired 
to  illustrate  as  many  methods  as  possible,  and  to  furnish  work 
for  a  large  number  of  parties,  each  party  going  from  one  kind 
of  work  to  another  until  it  had  been  givten  practice  in  all  the 
different  methods.  This  illustration  will  serve  to  summarize 
the  methods  of  this  chapter  and  to  show  how  dffFerent  methods 
may  be  combined  in  the  same  survey. 

(1)  Made  a  reconnoissance  with  the  class,  with  the  following  objects  in 
view:  to  get  an  idea  of  the  drainage  of  the  country ;  to  ascertain  what  aread 
were  wooded  and  what  were  comparatively  open;  to  find  favorable  locationaf 
for  triangulation  stations  (p.  192),  and  to  plan  the  triangulation  net  (p, 
191)  J  to  select  a  place  for  a  base-line  (p.  193),  and  decide  upon  its  ap- 
proximate length  (p.  194):  to  decide  tentatively  where  to  run  traversed 
and  what  instruments  ana  methods  to  use. 

(2)  Secured  from  a  railroad  company  the  elevation  of  the  nearest  beneh^ 
used  this  elevation  in  adopting  a  datimi  for  leveling,  and  started  parties 
from  this  bench  to  run  lines  of  levels  to  the  two  ends  of  the  base-line, 
where  the  first  benches  of  the  survey  were  to  be  established. 

(3)  Built  signals  at  pointg  selected  for  triangulation  stations  (p.  198). 

(4)  Set  a  hub  for  each  end  of  the  base-line  (p.  57),  referenced  each  hub 
(p.  203),  set  parties  at  work  measurifig  the  base-line  (p.  57). 

(5)  Set  parties  at  work  Keapuring  the  anrfes  of  the  triangulation  net 
^p.  194),  and  the  vertical  angles  to  triangmation  stations  required  for 
trigonometric  leveKng  (p.  200). 

(6)  Established  a  true  meridian  through  one  end  of  the  base-hne  by 
observation  on  Polaris  (Chapter  XXVTII),  found  the  true  l^nng  of  th^ 
base-line  by  measuring  the  angle  between  it  and  the  mendian,  checked 
*'".^-J^^'^'*«  *>y  observations  on  Polaris. at  the  other  end  of  the  baae-hne. 

(7)  Started  transrt  parties  to  establish  secondary  stations  by  running 
traverses  (direct-angle  method,  angles  doubled  (p.  154)),  each  party  to 
begin  at  one  primary  (triangulation)  station  and  to  close  on  {{$e  sameor 
some  other  primary  station,  all  f^condary  statiohs  to  be  established  witH 
due  r^ard  to  their  future  usefulness  (p.  150):  j.  uv  i. 

(8)  Started  level  parties  from  the  benches  near  the  base-hne  to  establisfc 
beoehes  near  secondary  stations,  checking  whenever  possible  oh  primary 
stations,  the  elevations  of  which  were  found  by  trigonometric  levcluif 

(9)  Sot  plane-table  parties  at  work  in  open  country,^  some  of  the  parties 
to  start  from  primary  or  secondary  stations,  and,  establisMng  their  own 
tertiary  stations  by  traversing  (p.  322),  to  close  on  some  primary  or  sec- 
ondary station.  (Jther  parties  are  to  set  up  in  some  commanding  position 
from  which  tluPee  i^^ioas  previously  plotted  are  vistbiei  and  onent  by 
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the  three-point  problem  (p.  329).    In  either  case  contours  are  to  be  sketched 
in  by  stadia  and  vertical-angle  method  as  in  the  third  illustration  (p.  350). 

(10)  Set  transit  parties  at  work  in  wooded  areas  unfavorable  for  tri- 
angulation,  each  party  to  start  from  a  primary  or  secondary  station,  es- 
tabUshing  tertiary  stations  if  necessary,  and  to  close  on  a  pnmary  or  sec- 
ondary station.  Method  of  procedure  exactly  the  same  as  in  the  third 
illustration  (p.  350). 

(11)  Set  transit  parties  at  work  to  run  a  preliminarjj-  survey  for  qon- 
structing  a  new  road,  tsang  this  survey  whenever  possible  to  the  main 
survey  and  running  in  contours  with  the  level  and  hand-level  as  in  the  fourth 
illustration  (p.  350). 

(12)  Detailed  compass  parties  to  locate  high  cliffs  and  deep  gorges, 
differences  in  elevations  between  top  and  bottom  lines  or  other  control- 
ing  lines  to  be  taken  with  an  aneroid  barometer,  and  less  steep  slopes  with 
the  clinometer,  intervening  contours  to  be  interpolated,  (jompass  lines 
are  to  be  tied  to  primary  or  aecondary  stations,  and  aneroid  readings  to  be 
oompared  with  elevations  at  benches  whenever  possible. 


v^ 


CHAPTER  XXVm 

DETERMINATION  OF  A  MERIDIAN 

Bt  Obbbrvations  on  Polaris 

Thb  simplest  and  most  direct  method  of  determining  a  true  meridian  if 
by  observations  on  Polaris.  This  method  is  easily  miderstood,  and  easily 
carried  out  in  the  field.  It  involves  almost  no  computations,  and  the  few 
astronomical  data  required  are  easily  obtained.* 


412.  Why  Polaris  is  Chosen  for  Observations.     The  two 

points  in  which  the  axis  of  the  earth,  indefinitely  produced, 
pierces  the  celestial  sphere  are  the  celestial  poles*  One  of  these 
points  will  be  referred  to  throughout  this  chapter  as  the  North 
Pole  or  simply  Pole.  All  heavenly  bodies  appear  to  revolve 
once  a  day  about  the  earth,  describing  circles  on  the  celestial 
•phere.  If  the  distance  of  a  star  from  the  Pole  is  less  than  the 
altitude  of  the  pole,  the  circle  which  the  star  apparently  de- 
scribes will  not  meet  the  horizon  at  all,  and  the  star  will,  there- 
fore, neither  rise  nor  set,  but  it  will  appear  to  revolve  about 
the  pole  as  a  center.  If  there  were  any  star  exactly  at  the  Pole 
it  would  seem  to  remain  stationary,  and  to  determine  a  true 
meridian  it  would  be  necessary  simply  to  bring  the  cross-hairs 
of  the  telescope  upon  it;  but,  unfortunately  for  the  purposes 
of  the  surveyor,  there  is  no  such  star.  Contrary  to  a  general 
impression,  Polaris  (North  Star)  is  not  exactly  at  the  Pole, 
but  like  all  the  other  stars,  it  appears  to  revolve  aroimd  it. 
The  radius  of  its  diurnal  orbit  is  so  small,  however,  that  of  all 
the  stars,  Polaris  is  the  most  convenient  for  determining  a 
meridian.  Any  other  star  near  the  pole  can  be  used,  provided 
that  certain  data  concerning  it  are  known. 

♦  Other  methods  most  used  by  surveyors  for  determining  a  true  merid- 
ian depend  upon  observations  on  the  sun.  They  are  somewhat  difficult 
to  understand  and  to  carry  out  in  the  field,  more  or  less  computation  is 
involved,  and,  for  accurate  results,  astronomical  data  are  required  which 
are  not  always  at  hand.  These  methods  may  be  studied  to  better  advan- 
tage in  connection  with  a  course  in  field  astronomy,  but  for  purposes  of 
reference  they  are  outlined  in  Appendix  I. 

354 
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413.  Facts  Concerning  Polaris.  Before  describing  the 
method  of  taking  observations,  certain  facts  concerning  Polaris 
will  be  given. 

1.  A  simple  way  of  findiiur  Polaris  ia  to  find  first  the  "Great  Dipper'* 
(Ursa  Major),  and  then  to  follow  the  line  through  the  two  "Pointers,  i.e. 
the  two  stars  farthest  from  the  handle;  this  Ime  passes  very  near  to  the 
pole.     (See  Fig.  413  (o).)  .,,,.. 

2.  Polaris  is  the  end  star  m  the  handle  of  the 

"Little  Dipper"  (Ursa  Minor).     About  15°  from 

o^     j  the  pole  is  another  star  about  as  bright  as  Po- 

,^1^       I  laris,  and  between  these  two  is  a  curved  row  of 

^      .   *  Polailii  three   faint   stars    forming    the    handle   of   the 

•^    «^P0le  "Little  Dipper." 

Tif  *  f    i  3.  As    Polaris,    revolvmg    counter   clockwise 

^  ^  M     !  about  the  Pole,  reaches  its  [highest  point,  U.C. 

►3  "^   "^  y  (Fig.  413   (6)),  it  is  said  to  be  at  its  upper  cut- 

j        \  minaiion,  when  it  reaches  its  lowest  pomt,  L.C., 

I  \  ^  u  0.  it  is  at  its  lotoer  cutmina- 

I  \^  J^^h>.  tion.     In  either  case  it  ia 

I  ^A  /x    l\  *^  *^  *"**  meridian. 

^i  D\PP«»  ^A  ^  «  ir     \P    \  4.  When  Polaris  reaches 

O^^  ♦^  ^  A TTf^^      ^^  n^ost  easterly  point  of 

M 11  **      \  V      <y    ■         ite  orbit  it  is  at  its  eastern 

^  iMizar     '  ^"tT^  eUmaation,  E.E.;    likewise 

'  LC.  at  the  most  westerly  point 

Fio.  413  (a).  FlQ.  413  (6).  it  is  at  its  western  eUmga- 

tion,  W.E. 
6.  The  earth  turns  on  its  axis  once  in  about  23  hrs.  56.1  m.  {the  sidereal 
day),  hence  Polaris  reaches  any  point  in  its  orbit,  as,  for  example,  its  cul- 
mination or  elongation,  about  4  min.  earlier  each  day  than  it  did  the  pre- 
ceding day. 

6.  The  radius  of  the  circle  in  which  Polaris  appears  to  revolve  changes 
from  year  to  year.  This  radius,  called  the  polar  distance,  when  first  re- 
corded was  about  12*';  it  is  now  (1907)  about  1°  11'.37.  It  will  continue  to 
grow  less  at  the  rate  of  0.31'  per  year  (approximately)  until  the  star  is 
about  30'  from  the  pole,  when  it  will  begin  to  increase.  In  1910  it  will  be 
V  10'.44.  in  1915,  1°  08'.89,  in  1920,  1°  07'.35.  The  mean  polar  distance 
or  90**  minus  the  mean  declination  of  Polaris  is  given  for  the  beginning  of 
each  year  up  to  1920  in  a  table  in  Appendix  I. 

7.  If  an  observer  at  the  equator  points  the  telescope  of  his  transit  at 
Polaris  when  at  its  easism  elongation,  the  line  of  sight  wiU  be  east  of  the 
true  north  by  an  Amount  equal  to  the  polar  distance;   at  the  wesUm  elon- 

gition  the  line  of  si^t  will  be  the  same  distance  west  of  the  true  north, 
ut  if  the  observer  is  in  a  latitude  north  of  the  equator,  and  points  his 
telescope  at  Polaris  when  at  its  elongation,  the  line  of  sight  will  make  an 
angle  with  a  N.  and  S.  line  greater  than  the  polar  distance,  and  the  farther 
north  the  observer  the  greater  this  angle.  Thus,  for  example,  at  the  equa- 
tor in  1907  this  angle  is  1°  11'.37,  but  at  a  latitude  of  40°  this  angle  would 
be  1**  33'.2,  or  22'  greater  than  the  polar  distance.  This  horizontal  angle 
betwe«[i  the  north  point  and  the  line  of  sight  to  Polaris  at  elongation  is 
called  the  azimvih  at  elongation  and  is  not  to  be  confused  with  polar  dis- 
tance since  the  two  are  not  the  same  except  at  the  equator.  (This  mean- 
ing of  azimuth  is  the  same  as  that  given  on  p.  114.)  Azimuth  varies  with 
the  position  of  the  observer,  but  polar  distance  does  not.*     The  azimuth 

♦  A  line  produced  indefinitely  from  the  center  of  the  earth  through  any 
point  on  its  surface  pierces  the  celestial  sphere  in  the  zenith  for  that  point, 
and  hence  observers  at  different  points  will  have  different  zeniths.  The 
spherical  triangle  PZ8  having  for  its  vertices  the  Pole  (P),  the  zenith 
(2^  and  a  heavenly  body  jS  is  an  astronomical  triangle.     (See  Appendix  1.) 

The  cusimuth  of  any  star  at  elongation  is  equal  to  the  angle  PZS,  but  since 
Z  changes  for  different  points  of  the  earth's  surface  the  azimuth  PZS  must 
change  also,  but  the  polar  distance  PS  at  any  given  time  is,  of  course,  the 
fame,  for  it  is  in  no  way  connected  with  the  position  of  the  observer. 

If  tl|0  ol;)99rv^  is  at  %h^  equator  his  zenith  must  be  90°  from  the  pole, 
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for  any  given  latitude  aiMl  date  can  be  found  from  a  table  in  the  back  of 
this  book. 

8.  The  vertical  angle  which  a  line  of  sight  to  Polaris  makes  with  the  hori- 
zontal is  equal,  approximately,  to  the  latitude  of  the  point  where  the  tran- 
sit stands.  If  Polaris  were  exactly  at  the  north  pole  the  Fertical  angle 
would  be  exactly  equal  to  the  latitude.     (See  Appendix  I.) 

9.  Whea  Polaris  u  at  its  upper  or  lower  culmination  a  line  of  sight 
directed  to  it  from  any  point  on  the  earth's  surface  will  be  a  true  N.  add 
8.  line.     This  occurs  twice  every  tw^ity-four  hours. 

10.  For  the  year  1905  Polaris  reached  its  culmination  4  min.  21  sec.  after 
it  was  in  the  siune  vertical  plane  wilh  Mitar,  the  second  star  from  the  end 
of  the  handle  of  the  Great  Dipper.  (See  Fig.  413(a).)  For  each  year  after 
1905  add  21  seconds.     Thus  in  1910  the  interval  will  be  6  min.  6  sec. 

11.  The  azimuth  of  Pola,ris  at  any  given  time  can  be  calculated  by  spher- 
ieai  trigonometry.     At  Rogation  it  is: 

Sine  of  azimuth  at  el(Migaticm  = ? — T—rrr-r^. 

cosme  latitude 

414.  Three  Methods  of  Observing  Polaris.  (1)  At  either 
elongation.  (2)  At  either  cuhnination.  (3)  At  any  time. 
The  three  methods  will  be  outlined  first,  and  then  practical  sug- 
gestions given  for  carrying  on  the  work  in  detail. 

I.  At  ELONGATioiT.  (1)  Before  the  night  of  the  observation 
look  up  in  the  table  given  in  the  back  of  this  book  the  time  of 
elongation  of  Polaris  in  1905  for  latitude  40^  and  longitude  90^, 
and  make  proper  corrections  (see  Suggestion  (1)).  It  is  con- 
venient, but  not  essential,  to  know  the  time  of  elongation 
within  a  minute  or  two.  (2)  Set  up  the  transit  ten  or  fifteen 
minutes  before  the  time  of  elongation,  and  keeping  the  vertical 
Cross-hair  exactly  on  Polaris  follow  the  star  imtil  it  reaches  its 
elongation  (see  Suggestions  (2)  to  (8)).  (3)  Depress  the  tele- 
scope and  set  a  point  300  or  400  ft.  away  (see  Suggestion  (9)). 
The  line  from  the  transit  to  the  point  thus  established  makes 
an  angle  with  a  true  meridian  equal  to  the  azimuth  of  Polaris 
at  elongation.  The  remainder  of  the  work  may  be  done  more 
conveniently  in  the  daytime.  (4)  Before  continuing  the  work 
the  next  day,  look  up  in  the  table  in  the  back  of  the  book  the 
azimuth  of  Polaris  at  elongation  for  the  given  year  and  lati- 
tude. (5)  Set  up  over  the  point  occupied  the  night  before, 
backsight  at  the  point  established  by  the  observation  on  Po- 
laris, and  turn  off  the  azimuth  found  in  (4),  clockwise  if  the 

i.e.,  P^«90^  and  if  the  «tar  is  at  its  elongation  ZS  must  equal  00**  also, 
hence  the  angle  PZ3  must  equai  the  arc  PS,  i.e.,  the  azimuth  equals  the 
polar  distance.  As  the  observer  goes  north,  however,  his  zenith  moves 
towards  P,  i.e.,  PZ  becomes  leas  than  00°,  /or  PZ  must  cUivayt  equal  W 
minus  the  laHtttde  of  the  observer.  The  farther  north  the  observer  goes  the 
shorter  become  the  two  sides  PZ  and  SZ  of  the  triangle  PZS,  but  since 
the  third  side  PS  remains  the  same  the  angle  PZS,  opposite  to  PjS,  must 
increase,  i.e.,  the  greater  the  latitude  of  the  observer  the  greater  the  •«• 
muth  of  the  star. 
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observation  was  taken  at  the  western  elongation,  counter- 
clockwise if  taken  at  the  eastern  elongation.  The  line  thus 
established  is  in  the  true  meridian. 

(a)  Method  fftodified.  While  the  above  method  of  procddulre  will  often 
answer  the  purpose  there  are  two  objectioaS  to  it:  (1)  There  is  no  check 
on  the  work.  (2)  If  the  transit  is  out  of  adjustment  so  that  the  line  of 
sight  does  not  revolve  in  a  vertical  plane,  the  resulting  error  is  likely  to 
be  large  since  the  vertical  angle  throu^  which  the  telescope  is  depressed 
after  sighting  at  Polaris  is  large.  Both  objections  may  be  overcome  by 
taking  a  double  observation.  As  Polaris  does  not  move  east  or  west  more 
than  about  5  sec.  of  arc  for  a  period  of  ten  minutes  before  and  after  elon- 
gation, there  is  ample  time  for  two  observations,  the  first  with  the  tele- 
scope normal  and  the  second  with  it  inverted.  If  the  two  points  thus 
established  coincide,  the  instrument  is  in  adjustment,  otherwise  the  error 
may  be  eliminated  by  taking  a  point  half-way  between.  (See  the  third 
adjustment  of  the  transit  in  Part  III.) 

(6)  Practical  suggestions.  (1)  The  time  of  elongation  as  taken  from  the 
table  should  be  corrected  for  the  year,  and  for  the  day  of  the  month,  but 
the  small  corrections  for  latitude  and  longitude  may  usually  be  ignored. 
This  corrected  quantity  is  the  local  time  of  elongation,  but  m  the  United 
States  the  observer's  watch  is  usually  set  to  "standard  time"  and  unless 
he  is  on  a  standard  meridian  (75°,  90°,  105°,  or  120°  West  Longitude)  he 
must  allow  for  the  difference  between  watch  time  and  local  time.  To  do 
this,  find  the  difference  in  degrees  and  minutes  between  the  longitude  of 
the  place  of  observation  and  the  nearest  standard  meridian  (or  the  one 
comesponding  to  his  watch  time),  multiply  by  four  and  call  the  product  of 
the  degrees,  minutes,  and  of  th6  minutes,  seconds  of  time.  For  example, 
if  the  observer  is  at  70°  20'  West  Longitude  then:  75** -70°  20' =  4°  40': 
(4°40')X4  =  16  min.  160  sfec.  =  18  m$h.  40  sec.  Hence  elongation  Will 
take  place  18  min.  40  sec.  earlier  if  timed  by  the  observer's  watch.  If 
the  observation  is  at  any  time  within  four  minutes  of  elongation  the  ob- 
served azimuth  will  differ  from  the  azimuth  at  elongation  by  less  than 
one  second  of  arc,  hence  it  is  f  r  more  important  to  eliminate  instrumental 
WTors  by  two  or  more  observations  as  suggested  above  t^an  to  observe 
Polaris  at  the  exact  time  of  its  elorgation.  (2)  It  is  well  to  test  the  ttansit 
for  adjustment  on  the  day  of  the  observation,  to  make  sure  that  the  line  of 
sight  revolves  in  a  vertical  plane.  Yat  the  same  reason  great  pains  should 
be  taken  in  "leveling  up '^  the  transit  at  the  time  of  the  observations. 

g)  The  point  over  which  the  transit  stands  during  the  observations  Bhoidd 
!  chosen  so  that  the  point  established  after  sighting  at  Polaris  may  be 
at  least  200  or  300  ft.  distant.  It  is  well  to  select  some  regular  station  of 
a  survey,  or  dse,  before  nightfall,  to  set  a  point  for  this  purpose  on  one  of 
the  mam  traverse  lines,  so  that  the  bearings  of  all  the  traverse  lines  may 
be  calculated  easily.  fSee  Sta.  Y,  p.  390.)  (4)  A  quick  way  of  bringing 
Polaris  into  the  field  of  the  telescope  is  to  clamp  the  latter  incUned  at  ati 
angle  equal  to  the  latitude  of  the  observer,  and  to  turn  the  transit  on  its 
spindle  until,  looking  along  the  top  of  the  telescope,  Polaris  is  lb  line. 
(5)  The  telescope  must  be  focused  for  distant  objects.  As  this  is  some- 
times diflScult  to  do  at  night  it  is  well  to  mark  the  correct  position,  once 
for  all,  on  tiie  object-glass  slide.  (6)  To  illuminate  the  cross-hairs,  hold 
a  lantern  within  three  or  four  inches  of  the  object-^lass  so  that  its  light 
will  enter  the  telescope.  If  the  transit  is  not  provided  w»th  a  reflector, 
tear  a  hole  about  an  inch  in  diameter  in  a  white  sheet  of  paper  and  by 
means  of  a  rubber  band  attach  the  paper  to  the  telescope  m  such  a  posi- 
tion that  the  star  can  be  seen  through  the  hole  while  the  rest  of  the  paper 
reflects  light  into  the  telescope.  A  little  experimenting  should  make  the 
cross-hairs  perfectly  visible— if  not  try  focusing  the  eyepiece  while  sight- 
ing directly  at  the  lantern.  (7)  As  no  angle  is  to  be  measured,  it  is  un- 
necessary to  set  the  vernier  on  the  limb,  and  either  the  upper  or  lower 
clamp  may  be  used.  (8)  Bring  the  vertical  hair  on  Pplans  about  15 
minutes  before  elongation  and  keep  it  on  the  moving  star  by  means  of  the 
m)per  or  lower  tangent-screw.  At  eastern  elongation  Polaris  apparently 
ceases  to  move  east,  but  appears  to  climb  up  the  vertical  hair.  It  will 
toon  move  off  the  hair  westward,  showing  that  it  has  passed  its  clonga^ 
tion.     In  like  manner  at  the  western  elongation  for  some  minutes  tne  star 
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appears  to  stay  on  the  vertical  hair,  but  moves  downward,  and  finally  essi 
ward.  It  is  well  to  take  two  observations  at  elongation,  one  with  the  tele- 
scope normal  and  one  with  it  inverted,  as  explained  above.  (9)  Before 
depressing  the  telescope  to  establish  the  point  on  the  ground  make  sure 
that  all  clamps  are  tight.  To  set  the  point  bring  a  lantern  into  line 
by  sighting  across  the  to;p  of  the  telescope  and  signaling  with  another 
lantern  held  at  the  transit.  Set  a  stake  in  line  a  lew  inches  in  front  of 
the  lantern,  driving  it  until  the  top  is  a  little  above  the  ground.  Hold  a 
pencil  on  the  stake  and  a  handkerchief  back  of  the  pencU  but  in  front  of 
the  lantern.  The  handkerchief  not  only  makes  the  pencil  stand  out  with 
surprising  distinctness,  but  it  renders  the  cross-hairs  plainly  visible,  and 
the  pencu  is  easily  brought  into  line  and  a  tack  set  in  the  stake.  Sonie' 
times  it  is  more  convenient  to  hold  a  piece  of  white  paper  against  the  side 
of  a  fence  or  building,  and  then  direct  a  strong  light  on  a  pencil  held  against 
the  paper.  A  box,  open  on  two  sides,  with  a  thin  sheet  of  paper  stretched 
across  one  of  the  openings,  and  a  light  behind  the  paper,  is  sometimes 
used.  (10)  Check  observations  may  be  taken  at  any  time  within  an  hour 
of  elongation,  by  correcting  the  azimuth  by  the  formula  c»A^^  (see  p.  350). 

II.  At  culmination.  (1)  The  time  may  be  taken  from  the 
table  in  the  back  of  the  book.  It  may  also  be  known  by  ob- 
oerving  when  Polaris  and  Mizar  are  in  the  same  vertical  plane, 
and  following  Polaris  for  the  proper  interval  afterward  (4  m, 
21  sec.  in  1905,  see  (10),  p.  356).  Notice  that  in  this  second 
method,  it  matters  not  if  the  observer's  watch  is  slow  or  fast. 
(2)  Having  sighted  on  Polaris  at  the  moment  of  its  culmina- 
tion, depress  the  telescope  and  set  a  point  as  in  Method  I. 
The  line  from  the  transit  to  the  point  thus  established  is  a  true 
N.  and  S.  line. 

(c)  Not$,  Since  Polaris  and  Mizar  cannot  be  seen  within  the  field  of  the 
telescope,  it  is  necessary  to  alternately  sight  at  Polaris  and  then  at  Misar 
to  determine  the  moment  when  they  are  Doth  in  the  same  vertical  plane. 
This  is  likely  to  be  the  source  of  a  small  error. 

When  Misar  cannot  be  used,  as  in  the  spring  months,  the  star  9  Caa- 
siopeise  is  sometimes  used  instead.  Qulmination  occurs  about  5  m.  5.  sec. 
(in  1905)  after  this  star  is  in  the  same  vertical  plane  with  Polaris,  the 
interval  increasing  at  the  rate  of  about  20  seconds  per  year. 

The  time  from  either  elongation  to  upper  culmination  is  about  5  hr. 
55  m.,  while  from  either  elongation  to  lower  culmination  it  is  about  6  hr. 
3  m. 

III.  At  ant  time.  (1)  Set  up  the  transit  and  sight  at 
Polaris,  noting  the  time  of  observation.  The  nearer  to  the 
time  of  elongation  the  more  slowly  the  star  is  moving  and  the 
better  will  be  the  results.  (2)  Set  a  point  several  hundred  feet 
away,  as  in  the  two  preceding  methods.  (3)  The  azimuth  of 
this  Une  for  the  year,  hour,  and  latitude  may  be  ascertained  at 
leisiu^  (see  suggestions  below),  and  the  angle  turned  off  the 
following  day  to  establish  a  true  meridian,  as  in  Method  I. 

(d)  Practical  mggestidns.  In  this  method  it  is  necessary  to  know  the 
local  time  of  the  observation  to  the  nearest  minute,  and  to  ascertain  the 
azimuth  of  Polaris  for  that  time  and  for  the  latitude  of  the  observer.  Tliis 
azimi|th  may  be  found  from  tables  given  in  the  "Manual  of  Si^v^eyin|; 
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Instraetion/'  issued  by  the  General  Land  Office,*  or  it  may  be  computed. 
If  the  observation  is  made  within,  say,  an  hour  before  or  after  elongation 
the  following  approximate  correction  will  give  the  azimuth  to  within  a 
■mall  fraction  of  a  minute.  c>^kt',  where  c- correction  in  9econd$  of  arc 
to  be  applied  to  the  azimuth  at  elongation,  ^«time  of  observation  before 
or  after  elongation  in  minittes,  and  k  a  coefficient  depending  on  the  lati- 
tude.    For  30°  *  -  0.052,  for  40°  A  -  0.058,  and  for  50°  %  -  0.069.  t 

The  true  value  of  the  azimuth  of  Polaris  at  any  time  may  be  computed 
by  the  methods  explained  in  books  on  field  or  geodetic  astronomy. 

415.  Methods  Compared,  (a)  At  elongation.  The  proper 
time  for  sighting  on  the  star  is  known  without  depending  upon 
the  watch.  There  is  time  to  make  two  or  more  observations 
while  Polaris  is  moving  apparently  neither  east  nor  west.  Little 
or  no  calculation  is  involved.  With  the  same  care  the  error 
is  likely  to  be  smaller  than  those  made  in  the  other  two  methods. 
The  only  disadvantage  is  that  both  elongations  may  occur  at 
inconvenient  times  for  observations,  very  late  at  night,  or  in 
the  daytime.  (See  April  15,  in  table  fpr  time  of  elongations.) 
If  instrumental  errors  are  eliminated  either  by  careful  adjust- 
ment and  leveUng  or  by  repetition  (modified  method,  p.  357), 
the  error  should  never  exceed  one  minute  of  arc,  and  usually  it 
should  be  less  than  30". 

(6)  At  culmination.  The  star  appears  to  be  moving  rapidly, 
and  an  error  in  time  of  two  minutes  is  equivalent  to  about  one 
minute  of  arc,  hence  the  observation  must  be  taken  more 
quickly  and  at  the  proper  moment.  It  is  more  difficult  to 
eliminate  errors  of  adjustment  by  two  observations.  If  the 
time  of  culmination  is  found  by  sighting  at  Mizar,  it  is  some- 
what difficult  to  ascertain  when  this  star  is  in  the  same  vertical 
plane  with  Polaris,  as  the  two  are  not  in  the  field  of  the  tele- 
scope at  the  same  time.  With  reasonable  care,  however,  the 
error  of  observation  at  culmination  should  not  exceed  one 
minute  of  arc. 

(c)  At  any  time.  The  method  has  all  the  disadvantages  of 
the  preceding  method,  and  in  addition  it  involves  considerable 
calculation,  correct  data  for  which  are  not  always  at  hand. 
The  method  is  used  only  when  the  other  two  are  impracticable. 
416.  Rough  Determination  of  the  True  Meridian.  If 
a  transit  is  not  at  hand,  any  of  the  preceding  methods,  espe- 
cially the  first  two,  may  be  carried  out  roughly  as  follows:  Sus- 
pend a  long  plumb-line,  and  on  a  level  support  place  the  rear- 

•  See  Johnson's  Theory  and  Practice  of  Surveying,  p.  669. 
t  Ibid.,  p.  667. 
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dght  of  a  compass  or  anything  having  a  small  hole  in  it  to 
look  through.  Shift  the  sight  to  the  right  or  left  to  keep  it 
in  line  with  the  star  and  the  plumb-line  imtil  the  time  of  elon- 
gation or  culmination,  as  the  case  may  be.  The  line  of  sight 
thus  estabHshed  may  be  marked  by  stakes,  but  of  course  it 
will  be  shorter  and  much  less  accurate  than  if  estabUshed  with 
a  transit.  With  care,  however,  a  meridian  can  be  established 
in  this  way  with  sufficient  acciu*acy  for  the  purposes  of  coin- 
pass  surveying.  For  example,  if  the  plumb-line  is  50  ft.  from 
the  peep-sight  and  an  error  of,  say,  0.2  ft.  is  made  in  sighting 
and  setting  the  stake,  the  corresponding  angular  error  wHl  be 
about  14  minutes  of  arc.     (See  p.  105.) 

417.  To  Determine  the  Magnetic  Declination.  (1)  De- 
termine a  true  N,  and  S.  meridian  by  one  of  the  methods  of 
Art.  414.  (2)  With  vernier  at  zero,  backsight  along  the  meri- 
dian, and  measure  the  angle  between  this  line  and  a  line  found 
by  turning  the  upper  plate  imtil  the  needle  points  to  the  zero 
of  the  compass- box.    This  angle  is  the  magnetic  declination. 

Practical  mggesUons,  (1)  If  there  is  a  declinr.tion  arc,  be  sure  that  it 
is  set  at  zero.  (2)  The  chief  difficulty  m  determining  magnetic  declinar- 
tion  lies  in  the  lack  of  sensitiveness  of  the  needle.  It  will  oe  found  that 
when  the  needle  ia  almost  at  zero,  the  upper  plate  can  often  be  turned 
several  minutes  by  using  the  tangent  screw,  with  little  if  any  effect  on 
the  needle.  One  way  to  overcome  this  is  to  observe  the  reading  of  the 
vernier  when  the  needle  points  to  N.^  then  undamp  the  upper  plate,  turn 
it  several  degrees  in  any  direction,  the  needle  having  been  raised  off  its 
pivot,  lower  the  needle,  quickly  set  the  vernier  at  its  original  reading  and 
see  if  the  needle  settles  at  N.  If  not,  repeat  the  process,  changing  the 
setting  of  the  vernier  a  little  each  time  until  the  needle  does  settle  at  sero. 
Even  then  it  is  often  difficult  to  determine  the  declination  within  three 
or  four  minutes.  Ah  thisL  however,  is  closer  than  one  can  read  the  com- 
pass, this  error  is  usually  of  little  importance.  (3)  If  the  asimtdh  of 
Polaris  has  been  determined,  it  is  not  necessary  of  course,  to  actually 
stake  out  a  N.  and  S.  line.  The  declination  may  be  measured  from  the 
line  fixed  by  the  observation  and  allowance  made  for  azimuth.  For 
example,  a  line  is  established  by  observation  at  eastern  elongation,  and 
the  azimuth  of  this  line  for  the  date  of  observation  is  1**  34'.  Backsii^t- 
ini?  along  this  line  with  vernier  at  zero,  and  then  turning  the  upperplate 
until  the  needle  points  exactly  at  zero,  the  vernier  reading  is,  say,  12r  IC. 
If  the  declination  is  weH  it  must  be  12*'  KK-l*  34' -10®  36'.  If  the  d«o- 
lination  is  east  it  must  be  12°  10'+ 1"  34' -13**  44', 


Part  II 

OFFICE  WORK 


INTRODUCTORY 

Office  work  may  be  divided  into  two  parts,  viz.:  (1)  Cowi- 
jmting  and  (2)  Drawing, 

418.  Computations  are  of  two  kinds:  (1)  Computations 
required  for  purposes  of  plotting,  which  include  such  work  as 
CalciUation  of  Bearings  (Chapter  XXX),  LatUvdes  and  Depar-^ 
tares  (Chapter  XXXI),  Omitted  Measurements  (Chapter  XXXII), 
and  other  miscellaneous  computations  preparatory  to  plotting 
maps  and  profiles. 

(2)  Computations  made  for  the  purpose  of  obtaining  data  to 
be  used  in  laying  out  work  in  the  field,  or  for  ascertaining  de- 
sired information  concerning  the  tract  surveyed.  Under  this 
head  may  be  classed  such  work  as  Calculation  of  Areas  (Chapter 
XXXIII),  Parting  off  Land  (Chapter  XXXIV),  Earthwork 
Computations  (Chapter  XXXV),  and  miscellaneous  work  in 
computing  dimensions  and  elevations. 

For  the  most  part  office  computations  involve  only  the  sim- 
plest principles  of  plane  trigonometry  and  of  geometry.  Accu« 
racy  and  facility  in  the  use  of  logarithms  is  essential. 

419.  Drawing  consists  in  plotting  and  in  finishing  maps  and 
profiles,  and,  occasionally,  in  the  graphic  solution  of  problems. 

(1)  Plotting  consists  mainly  in  reversing  on  paper  operations 
in  the  field,  drawing  instnunents  being  used  in  place  of  field 
instruments,  and  measurements  being  laid  off  to  a  greatly  re- 
duced scale.  The  nature  of  this  work  is  suggested  by  the  fol- 
lowing chapters:  Methods  of  Plotting  Angles  (Chapter  XXXVm), 
Methods  of  Plotting  Traverses  (Chapter  XXXIX),  Phttirvg  Details 
(Chapter  XLI).  and  Plotting  Profiles  (Chapter  XLIII).  Many 
of  the  methods  are  analogous  to  field  methods,  the  scale  being 
used  in  place  of  the  tape,  and  the  protractor  in  place  of  the 
transit  or  compass. 

(2)  Finishing  Maps  and  Profiles  (Chapter  XUI)  consists  in 
inking  the  pencil  drawing,  in  lettering  the  map,  in  putting  on 
conventional  signs,  and  in  miscellaneous  work  such  as  drawing 
border-lines  and  meridian  needles. 
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CHAPTER  XXIX 
OFFICE  COMPUTATIONS 

General  Directions  and  Suggestions 

In  this  chapter  are  given  general  directiuns  and  suggestions  which  apply 
to  all  kinds  of  office  computations.  The  aim  is  to  outline  methods  of  avoid- 
ing mistakes  and  of  economizing  time. 


420.  Checking  Computations  is  recognized  in  practice  as 
a  very  essential  part  of  office  work.  No  important  result  is 
allowed  to  stand  until  it  has  been  checked.  Each  student, 
therefore,  should  learn  to  check  his  own  work  as  a  matter  of 
course;  otherwise  he  will  find  himself  severely  handicapped 
when  he  enters  upon  actual  practice.  Once  he  understands  a 
method,  he  should  find  his  own  mistakes,  and  make  sure  of  his 
own  results,  before  submitting  work  to  an  instructor. 

Rtmark.  Frequently  students  may  work  together  with  profit  trA«n 
sttidying  methods,  but  the  habit  ot  comparing  results  at  every  opportunity 
is  a  real  weakness  which  is  likely  to  cling  to  one  long  after  graduation.  U 
is  true  that  in  practice  two  men  often  work  on  the  same  problem,  but 
unless  they  work  independently  any  agreement  in  results  is  of  little  value 
as  a  check. 

There  are  several  general  methods  of  checking  computations, 
among  which  are:  (1)  Checking  arithmetical  work  step  by  step, 
as,  for  example,  checking  multiplication  by  casting  out  nines 
(p.  366).  (2)  Checking  results  by  known  conditions,  as,  for 
example,  checking  the  three  computed  values  of  the  interior 
angles  of  a  triangle  by  comparing  their  sum  with  ISO**.  (3) 
Checking  a  result  by  using  a  different  method  of  computation, 
as,  for  example,  finding  the  length  of  the  hypothenuse  of  a 
right-angled  triangle  by  trigonometry  and  then  checking  it  by 
squaring  the  other  two  sides.  (4)  Checking  a  result  by  using 
different  data,  as,  for  example,  checking  the  length  of  a  diag- 
onal of  a  quadrilateral  by  solving  each  of  the  two  triangles  of 
which  it  is  a  common  side.    Usually  one  or  more  of  these 
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methods  of  checking  can  be  used,  no  matter  what  the  nature 
of  the  computations  may  be. 

(a)  Approximate  checks  are  of  great  value  in  making  sure  that 
no  large  mistake  has  been  made.  Computed  areas  may  be 
checked  approximately  by  means  of  the  planimeter  (p.  408). 
Latitudes  and  departures  of  a  traverse  which  does  not  close 
may  be  checked  roughly  by  plotting  the  traverse  (p.  463). 
Computed  lengths  may  be  checked  by  scaling  the  map.  Accu- 
rate computations  may  be  checked  roughly  by  the  use  of  the 
slide-*rule.  Thus  many  approximate  methods  are  constantly 
used  to  check  results  which  have  been  obtained  by  more  ace  u 
rate  methods. 

421.  Systematic  Methods.  The  main  object  of  systematic 
methods  in  office  work  is  to  economize  time.  Checks  are  used 
to  detect  mistakes,  systematic  methods  to  avoid  them.  The 
remarks  in  Art.  15,  p.  8,  are  especially  true  of  office  computa- 
tions. 

Remark.  It  ia  sometimes  difficult  to  convince  students  that  systematic 
methods  actually  thorten  work.  In  the  long  run  it  will  take  less  time  to 
avoid  mistakes  than  to  correct  them.  Why  not  take  a  little  trouble  to 
avoid  much  trouble? 

The  following  suggestions  are  offered  for  systematizing  office 
computations: 

(1)  A  ** separate-leaf**  note-book  with  pages  about  8"Xl0i" 
is  recommended  for  class-work.  The  computations  for  each 
exercise  can  be  handed  in,  checked,  returned,  arranged  in  logi- 
cal order  in  the  note-book,  and  preserved  for  futiu^  reference. 
Avoid  the  use  of  loose  scraps  of  paper  for  computations. 

(2)  Arrangement.  Adopt  some  economical  and  systematic 
arrangement.  If  the  same  kind  of  work  is  always  arranged  in 
the  same  way,  blunders  and  omissions  often  become  self-evi- 
dent. It  is  usually  advantageous  to  arrange  work  in  columns. 
(See  pp.  393  and  425.)  The  head  of  each  colmnn,  each  final 
result,  and  all  other  important  quantities  should  be  labeled  so 
that  every  step  in  the  computations  may  be  followed  by  simply 
glancing  through  the  work.  At  the  head  of  the  page  the  prob- 
lems should  be  concisely  stated,  and  the  data  given. 

(3)  Order  of  procedure.  Having  brought  together  all  the 
necessary  data,  check  them  before  beginning  computations.  Too 
frequently  mistakes  are  made  in  copying  data  from  field  notes. 
Aim  to  perform  at  one  time  all  operations  that  are  alike.     (See 
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p,  ?74.)  Adhere  to  the  same  order  of  procedure  for  similar 
problems,  so  that  much  of  the  work  will  become  automatic, 
and  the  chances  of  error  will  be  diminished. 

422.  Speed  in  computing  may  be  gained  in  several  ways, 
viz.:  (1)  By  adopting  economic  methods  of  procedure;  (2)  by 
using  short  cuts  in  arithmetical  work;  (3)  by  eliminating  im- 
necessary  steps  and  worthless  refinements;  (4)  by  the  use  of 
tables;  (5)  by  the  use  of  graphic  methods;  (6)  by  the  use  of 
mechanical  methods. 

423.  Economic  Methods  of  Procedure  consist  largely  in 
grouping  hke  operations.  Frequently  the  entire  work  in  a 
problem  can  be  blocked  out  on  paper  ir  some  convenient  form 
before  any  numerical  work  is  begim,  so  that  afterward  the  atten- 
tion may  be  concentrated  upon  the  mechanical  work  of  com- 
putation (see  p.  399).  This  is  especially  true  of  logarithmic 
computations.  The  less  the  mind  is  compelled  to  turn  from  one 
thing  to  another  the  more  quickly  and  accurately  it  works. 

424.  Short  Cuts  in  Arithmetical  Work.  There  are  a  few 
simple  methods  of  shortening  arithmetical  work  in  conamon  use 
that  are  of  great  value  in  computing.  If  the  student  is  not 
already  familiar  with  those  given  in  this  article,  he  can  easily 
learn  them,  and,  once  he  becomes  accustomed  to  their  use,  he 
>yill  be  surprised  at  the  amount  of  time  they  save. 

(a)  Mental    multiplication.    The    product    of   composite 

numbers  may  be  obtained  mentally  by  resolving  them  into 

factors  and  finding  the  product  of  these  factors. 

(1)  32X28  =  16X8X7  =  896.       (2)  32  cu.  yds.  X 27  =  16X6X9 =864  cu.  ffc* 

When  the  multiplier  is  a  factor  of  100  multiply  by  100  and  divide  by  the 

Fffoper  quantity: 

(3)  68X25  =  6800-^4  =  1700  (4)  98X50  =  9800^2  =  4900 

(5)  76X75=3800+1900  =  5700  (6)  41X150  =  4100  +  2050  =  6150. 

Menial  division  is  the  reverse  of  the  above. 
(7)  864  cu.  ft. -4- 27  =  864  divided  by  9  and  again  by  3=32  cu.  yds. 

(6)  Long  multiplication  can  be  shortened  in  many  eases 

by  a  similar  method.     It  is  surprising  how  many  times  two 

adjacent  figures  in  the  multiplier  form  a  number  which  is  an 

even  multiple  of  another  figure  in  the  multiplier. 

(1)  (2) 

2875  Circum.  =2468 

273  0.3183 


8625  7404 
77625  44424 
7404 

784875 


Diam. -785.6644 
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lUutiratum.  Ia  Ham  first  Uluairfttioa  S625  is  muHiplied  by  0,  ainoe 
27  =  9X3.  In  the  second  illustration  multiply  first  by  the  iMt-hand  3, 
and  then  7404  by  6,  since  18= ex 3. 

(3)  Multiply  205894X497328.  multiplying  by  only  4  digits  instead  of  6. 

&«Kge6tion:  32-4X8  and  49=7X7, 

(c)  Long  division.  There  is  Kttle  gained  in  applying  the 
oorresponding  process  in  division  except  when  the  divisor  can 
be  factored  into  two  divisors,  each  o{  which  does  not  exceed  12. 

lUutiration,    48926-1-63.    The  work  as  shown  requires  16    7148926. 
figures,  while  long  division  by  the  regular  method  would  re-      9t6989.4 
quire  at  least  29.  776.6 

{dy  Abbidgsd  multiplication  may  be  used  when  the  prod- 
net  is  required  only  to  a  given  number  of  places  of  figures. 
The  method  of  procedure  is  as  fc^ws:  (1)  Reverse  the  order 
of  the  figures  of  the  multiplier,  writing  them  directly  below 
those  of  the  multiplicand.  (2)  Multiply  in  the  usual  way, 
except  that  in  multiplying  by  any  figure  of  the  multiplier  begin 
with  the  one  in  the  multiplicand  directly  above  it,  mentally 
adding  anything  which  should  be  carried  from  the  multiplica- 
tion of  the  preceding  figure  of  the  multiplicand  by  this  figure 
of  the  multiplier;  the  result  is  the  first  right*hand  figure  of  the 
corresponding  partial  product.  The  partial  products  are  written 
so  that  their  right-hand  figures  are  in  the  same  vertical  column. 
Itie  decimal  point  is  determined  by  inspection. 

lUuttraticn.  Let  it  be  required  to  multiply  140,66  by  52.13  to  one  deci- 
mal place.  The  long  method  of  multiplication  and  the  short  method  are 
given  side  by  side. 

1  4  a6  6  1  4  0.6  6 

5  2.1  3  3  1.2  5 


42198  70330 

14066  2813 

28132  141 

70330  42 


7332.6058  T382.6 

Notice  that  in  multiplying  by  1  the  result  was  put  down  as  141  instead 
of  140.  This  was  because  the  amount  to  carry  (0.6)  was  nearer  1  than  0. 
(e)  Nc^.  If  a  result  is  required  to  n  places  of  figures,  it  is  usually  best 
to  write  the  first  or  right-hand  figure  of  the  multiplier  under  the  n-t-1 
place  of  the  multiplicand,  i.e.,  carry  the  computation  one  more  place 
than  required.  This  is  illustrated  below,  where  the  result  was  required  to 
torn  pJaees  of  figures.  .  (Or  two  decimal  places.) 

4  8.6  6  7«  4  8.6  67  8  4  8.6  67  8 

1.0  6  23  3  26  0.1  3  2  60,1 

t 460034  48668  4867 

973356  2920  292 

2920068  97  10 

486678  14  1 


5169  9903  94  51.6  9  9  51.7  0 
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The  right-hand  multiplication  is  accurate  enough  for  most  purposes,  but 
by  carrying  the  work  to  five  places,  as  in  the  middle  example,  the  result 
is  exact"  to  four  places.     (In  this  case  it  happens  to  be  exact  to  five  places.) 

(f)  Note.  Always  begin  by  multiplying  that  figure  in  the  mult^licand 
which  stands  in  the  first  place  to  the  right  of  the  multiplier.  Before 
carrying  over  the  result,  change  it  to  the  single  digit  which  most  nearly 
expresses  it  in  the  next  left-hand  place.  For  example,  if  the  product  m 
less  than  5  there  is  nothing  to  carry;  if  it  is  5  or  more  but  less  than  15 
there  is  one  to  carry;  if  it  is  15  or  more  but  less  than  25  there  is  two 
to  carry,  and  so  on.  Thus  in  the  middle  example  shown  above  when 
multiplying  by  6  the  process  is  6X6=36  or  nearly  4  and  (6X6) +  4  =  40, 

giving  a  0  for  the  first  figure.     In  the  right-hand  example  in  multipljdng 
y  2  the  process  is  2X8  =  16  or  nearly  2  and  (2X4)  +  2  =  10. 

(g)  Abridged  division  consists  in  deleting  a  figure  of  the 
divisor  in  each  partial  division  after  the  first,  instead  of  bring- 
ing down  the  next  figure  in  the  dividend. 

3.1416)41.689348(13.27  3.1416)41.689348(13.27 

31416  31416 


220228 
219912 


316 
lUuatraiion.  ^  Notice  that  in  multiplying  the  divisor  after  deleting,  the 
figure  deleted  is  multiplied  mentally  and  the  nearest  digit  carried  over: 
thus  in  multiplying  by  3  begin  with  6,  the  figure  deleted,  then  3  X  6  =  18  =  2 
(nearly)  to  carry,  and  (3X1) +  2  =  5,  the  first  digit  in  9425.  Likewise,  in 
multiplying  by  7,  7X4  =  28=3  (nearly)  and  (7 XI) +3=0,  the  first  digit 
in  220. 

Remark.  If  a  quotient  is  desired  to  n  places  of  figures,  it  is  better  in 
some  cases  to  obtain  n4-2  or  one  half  of  the  required  figures  before  begin- 
ning to  delete. 

(h)  Rule  for  checking  multiplication.  Cast  out  nines 
from  (1)  the  multiplicand,  (2)  the  multiplier,  and  (3)  the  prod- 
uct. The  result  in  (3)  should  equal  the  product  of  the  results 
of  (1)  and  (2). 

Methods  of  casting  out  nines.  Casting  out  nines  from  any  number  is 
equivalent  to  subtracting  from  that  number  the  nearest  multiple  of  nine. 
This  may  be  accomplished  by  subtracting  from  the  sum  of  all  the  digits 
in  the  number  the  nearest  multiple  of  nine,  but  it  is  somewhat  easier  to 
cross  out  first  all  9's  and  all  figures  whose  sum  is  9  or  a  multiple  of  9,  and 
then  to  add  the  remaining  figures.  For  example,  let  4  867  428  be  the 
given  number;  first  cross  out  4,  8,  and  6,  also  2  and  7,  thus  leaving  4  and 
8;  then  4+8=»12  and  12  —  9=3  (or  what  amounts  to  the  same  thing, 
1 4-  2  =»  3) .  The  same  result  is  obtained  by  adding  the  digits,  thus:  4+84-6' 
+  7  +  4+2+8  =  39  and  39-36  =  3  (or  3  +  9-12,  and  1  +  2-3).  Another 
method  is  to  be^n  at  one  end  to  add  the  digits,  but  to  keep  casting  out 
nines  as  the  addition  progresses,  thus:  4  +  8  +  6=0,  and  0+7+4+2=13  — 
1+3  =  4,  and  4  +  8  =  12  =  1  +  2  =  3.  Having  once  become  accustomed  to 
casting  out  nines  the  method  affords  a  v6ry  simple  and  n^id  check  for 
multiplication,  as  illustrated  below.    (See  explanation  top  of  next  page.) 
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367 


12—12 


TSW6 


14066 


8 
2 


2\^'8,       =  2 
,__3U3       =  6 

,'78^6i5'-=21=12 
^  3=3 

X'SdSieTS       =  3 
10iS2Sl       =-  3 


058  =J6=16      l»XA^^Q3^4  =0  =  9 

lUuairaiton.  Taking  the  multiplioands,  mult^liers,  and  products  from 
pages  364  and  365,  the  nines  may  be  cast  out  as  indicated  above.  Notice 
that '7848  =  27 -»0  in  the  first  illustration.  In  the  number  5  169  080  394, 
the  three  9's  were  first  crossed  out,  then  6  and  3,  then  8  and  1,  leaving  5 
and  4  equal  to  0.  In  this  way  by  crossing  out  from  inspection  two  or 
more  figures  whose  sum  is  9  or  18  or  27,  the  work  becomes  very  simple. 

Remark,  Of  course  this  method  is  not  an  absolute  check,  for  it  will 
happen  occasionally  that  two  mistakes  are  made  which  offset  each  other 
For  example,  one  figure  in  the  product  may  be  1  too  large  and  another  1 
too  small;  the  sum  would  check  though  the  product  would  be  wrong. 

If  the  remainder  in  either  factor  is  0,  it  is  necessary,  not  to  cast  out  nine? 
from  the  other  factor,  but  simply  to  note  whether  the  remainder  of  the 
product  is  0.     Why? 

(t)  Rule  for  checking  division.  Cast  out  G's  from  (1)  the 
dividend,  (2)  the  divisor,  (3)  the  quotient,  and  (4)  the  re- 
mainder if  there  is  one.  Multiply  the  result  in  (2)  by  the 
lesult  In  (3)  and  add  the  result  in  (4).  This  final  result  should 
equal  the  result  in  (1).  This  process  is,  of  course,  the  reverse 
of  the  preceding. 


lUu^raiion. 
p.  366: 


Take  the  dividend,  divisor,  quotient,  and  remainder  from 

Dividend,  41.689348-7 

Divisor.  3.1416        =6 

Quotient,  13.27       -  4 

Remainder,  316  =  I  +  24  =>  7  (check) 

(/)  To  SQUARE  A  SMALL  NUMBER.  (1)  Add  to  or  Subtract 
from  the  given  nimiber  a  quantity  such  that  the  result  will  be 
a  multiple  of  ten.  (2)  Subtract  from  or  add  to  the  number  the 
same  quantity.  (3)  Multiply  the  result  in  (1)  by  the  result 
in  (2),  and  add  the  square  of  the  quantity  subtracted  or  added 
m  (1)  and  (2). 

84»=80X88+ 16=7056  48»=50X46+4«2304 

(8})»«8X9+(})««72}  (8})2-8X8}+(l)'=68A 

The  above  rule  is  particularly  easy  of  application  in  squaring 
multiples  of  5. 

(25)»=20X30+25=?62§  (45)'«  40X60 +25 =2025 
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(jk)  Square  root  op  small  numbers.  The  following  ap- 
proximate method  usually  ^ves  results  which  are  accurate 
enough  for  most  purposes:  Divide  the  given  number  by  that 
number  whose  square  is  nearest  the  given  number  and  find  the 
arithmetical  mean  of  the  quotient  and  the  divisor.  Expressed 
algebraically,  let  iV«=the  given  number,  ^=the  nearest  square, 
and  r^V^. 

\/84=  (^+  9\  ^2=  (9.33+  9)-^2=9.17  (9.1652  correct) 
V47=  (t+'^)  •^2«(6.71+7)-^2=6.86  (6.8557  correct) 

{I)  Square  root  op  large  numbers  may  be  fotmd  m  the 
same  way  provided  a  table  of  squares  is  also  used.  The  above 
formula  may  be  written  in  a  more  convenient  form  when  applied 
to  large  numbers. 

\/^-r+[(iV-5)^(2Xr)] 
V32206- 179+  [(32200-32041)-*.  (2X 179)]- 

179.444  (179.44358  correct) 

Vl75440-419+  [(175440- 175561)^  (2X419)]= 

418.856  (418.85558  correct) 

The  value  of  8,  the  nearest  square,  is  taken  from  a  table  of 
squares.  Not  only  is  this  method  very  much  shorter  than  the 
ordinary  process  of  extracting  a  square  root,  but  results  are 
usually  correct  to  three  and  often  to  four  decimal  places.  De- 
leting the  divisor  (see  p.  366)  shortens  the  process  still  more. 

(m)  Checking  by  second  differences.  This  method  is 
useful  in  a  variety  of  problems  involving  equations  of  the  second 
degree.  It  is  especially  useful  in  checking  ordinates,  taken  at 
eqtud  intervals,  to  horizontal  or  vertical  curves.  In  this  case 
the  method  consists  simply  in  finding  the  "first  differences" 
between  successive  ordinates,  and  then  finding  the  "second 
differences"  between  the  "first  differences";  the  "second 
differences''  should  be  equal.  Due  regard  should  be  paid  to 
algebraic  signs. 

JUuatration.  Let  it  be  required  to  check  the  elevation  given  on  page  202 
for  a  vertical  curve.  The  work  below  shows  that  the  "  second  differences  " 
are  equal,  and  henoe  the  elevations  are  probably  correct. 
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Elevationfl 

First  Differences 

Seoond  Differences 

98.6000 

+  .4125 

98.1875 

+  .2375 

+  1750 

97.9600 

+  .0625 

+  1750 

97.8875 

-.1125 

+  1750 

98.0000 

-.2875 

+  1750 

98.2875 

-.4625 

+  1750 

98.7500 

-.6375 

+  1750 

99.3876 

--.8125 

+  1750 

100.2000 

(n)  Additional  ARITHMETICAL  CHECKS.  Addition.  The  usual 
check  is  to  add  both  up  and  down  the  columns.  Another  check 
is  to  go  over  the  work  a  second  time,  adding  in  the  carried 
figures  after  the  others,  instead  of  before,  or  vice  versa. 

Subtraction.  Add  the  subtrahend  and  the  remainder,  but 
cover  up  the  minuend  while  doing  so. 

Multiplication.    In  place  of  the  check  afforded  by  casting  out 

9's  a  similar  check,  more  laborious  but  more  reliable,  is  that  by 

excess  of  ll's.    Thus  in  the  examples  on  p.  367: 

2875  -t- 11  —       261  +  remainder  of  4 
273-J-ll-         24+         ♦•  "  9 


784875-Ml-  71352+         **  *'  3 

9X4-36  and  36+11  =  3+         **  **  3  (check) 

2468  -t- 1 1 «       224  +  remainder  of  4 
3183  +  11=       289+         ••  "  4 


7855644+11  =714149+         *'  "5 

4X4=16  and  16  +  11  =  1+         **  "  5  (check) 

When  a  product  is  not  carried  to  the  full  number  of  places,  as 
in  abridged  multiplication,  neither  the  check  by  excess  of  9's  nor 
that  by  excess  of  ll's  can  be  used.  In  such  a  case  a  good  check 
is  to  reverse  the  position  of  the  multiplier  and  multiplicand. 

Division.  Instead  of  casting  out  9's  a  check  by  excess  of  ll's 
may  be  used.  When  the  work  has  not  been  carried  to  the  full 
number  of  places,  as  in  abridged  division,  about  the  only  check 
is  to  multiply  divisor  and  quotient  together  and  add  in  the 
remainder. 

425.  Eliminating  Worthless  Refinements  consists  chiefly 
in  avoiding  the  use  of  unnecessary  figures.  Data  may  be 
given  to  more  places  of  figures  than  there  is  any  need  of,  or 
time  may  be  wasted  in  trying  to  attain  a  higher  degree  of  pre- 
cision than  the  data  will  warrant.    The  aim  in  this  article  is  to 
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show  that  in  all  calculations  it  is  desirable  to  make  a  critical 
inspection  of  the  numbers  which  enter  into  every  computation 
for  the  piupose  of  rejecting  figures  which  cannot  affect  the 
accuracy  of  the  final  results.  Not  only  is  it  a  waste  of  time  to 
use  an  unnecessary  niunber  of  figures  in  computations,  but  the 
results  thus  obtained  are  misleading,  for  they  appear  to  be  more 
accurate  than  they  really  are.  Worthless  figiu^s  may  be 
avoided  by  an  intelligent  use  of  the  following  facts:  (1)  Num- 
bers expressing  measurements  cannot  be  exact,  for  the  true 
value  of  a  single  measm-ement  is  never  known.  (2)  A  result 
cannot  be  more  accurate  than  the  data  from  which  it  is  ob- 
tained, no  matter  how  many  places  of  figm^s  are  used  in  each 
step  of  the  calculation.  (3)  In  dealing  with  inexact  numbers 
consistent  accuracy  should  be  the  aim  instead  of  absolute  accu- 
racy, and  consistent  accuracy  is  not  gained  by  carrying  all 
numbers  to  the  same  number  of  decimal  places  regardless  of 
how  many  figiures  each  number  contains. 

(a)  Illustration.  The  length  of  one  line  measured  to  the  nearest  foot  is 
3216  ft.;  a  second  line  measured  to  the  nearest  tenth  is  321.6  ft.;  a  third 
line  measured  to  the  nearest  hundredth  is  32.16  ft.;  a  fourth  line  measured 
to  the  nearest  thousandth  is  3.216  ft.  The  last  figure  in  each  number  is 
uncertain^  while  the  first  three  are  certain^  and  the  relative  precision  of  each 

measurement  is  ooTeo^eisl*  "^^^  position  of  the  decimal  point  has 
nothing  to  do  with  the  relative  precision  of  a  measurement,  and  the  mistaken 
idea  that  the  number  of  decimal  places  to  which  a  result  is  carried  indi- 
cates the  accuracy  of  that  result  is  responsible  for  a  great  deal  of  stupid 
and  unnecessary  labor. 

(6)  The  accuracy  to  he  attained  in  any  computation  is  deter- 
mined by  the  number  of  certain  figures  in  the  data.  In  order 
to  determine  the  number  of  certain  figures  in  any  measurement 
some  approximate  expression  of  its  accuracy  must  be  obtained. 
For  example,  5600  ft.  may  contain  one,  two,  or  three  certain 
figures  according  to  whether  the  measurement  was  made  to  the 
nearest  100  ft.,  to  the  nearest  10  ft.,  or  to  the  nearest  foot. 

(c)  Note.  In  office  computations  it  frequently  happens  that  one  man 
works  from  field  notes  taken  by  others.  In  this  case,  unless  it  is  evident 
that  a  measurement  has  been  given  to  too  many  places,  it  may  be  assumed, 
as  a  rule,  that  each  number  contains  but  one  doubtful  figure.  In  the  case 
of  a  decimal  fraction  the  zeros  used  merely  to  indicate  the  position  of  the 
decimal  point  are  not  counted  as  certain  figures.  Thus,  for  example, 
0.00043  contains  only  one  certain  figure;  0.000430  may  contain  two.  since 
the  cipher  at  the  end  indicates  that  the  measurement  was  carried  to  one 
more  place.  A  final  zero  used  for  this  purpose  should  never  be  omitted, 
for  it  may  be  the  only  doubtful  figure. 

{d)  Remark.  The  number  of  significant  figures  in  any  number  repre- 
senting a  measurement  is  always  one  greater  than  the  number  of  certain 
figures;    the  last  significant  figure  is  the  first  uncertain  figure.    It  must 


OFFICE  COMPUTATIONS  371 

not  be  aasumed  that  because  a  figure  is  uncertain  it  has  no  significance. 
Its  uncertainty  may  be  very  small,  hence  it  has  significance,  but  there  can 
be  no  advantage  gained  in  writing  a  number  beyond  the  second  doubtful 
figure. 

(e)  The  effect  of  uncertain  figures  in  the  data  upon  the  results 
of  computations  may  be  illustrated  as  follows:  Four  measure- 
ments are:  6843.2  ft.,  253  ft.,  282.42  ft.,  and  1200  ft.  Each 
may  be  assumed  to  contain  only  one  imcertain  figiure  except 
the  distance  1200  ft.,  which  was  measured  to  the  nearest  him- 
dred  feet  and  therefore  contains  three  imcertain  figures.  It  is 
required  to  add  the  four  numbers,  and  also  to  find  the  product 
of  the  first  two.  Let  the  imcertain  figures  be  indicated  through' 
out  the  work  by  smaller  type. 


6843.2 
258. 

282.42 
1200 

8578.62 

6843.2 

258 

205296 

342160 

136864 

1731329.6 

684 

26 

28 

120 

8570 

6843.2 

352 

1360 

342 

20 

1731000 

Since  the  imcertain  figures  in  the  data  render  so  many  figures 
worthless  in  the  sum  and  product,  the  results  8570  and  1  731  000, 
obtained  by  abridged  methods,  are  better  than  8578.62  and 
1  731  329.6,  since  the  latter  appear  to  be  much  more  accurate 
than  they  really  are.  It  is  seldom  necessary  to  give  a  final  re- 
sult beyond  the  first  doubtful  figure  except  when  it  is  desired 
to  show  that  the  imcertainty  of  that  figure  is  small.  Thus, 
ordinarily,  the  preceding  results  may  be  written  8600  ft.  and 
1  730  000  sq.  ft. 

Not  only  is  it  misleading  to  retain  more  than  two  imcertain 
figures  in  any  result,  but  it  is  a  reflection  upon  the  intelligence 
of  the  computer. 

The  preceding  examples  illustrate  two  general  propositions: 

I.  In  addition  or  subtraction  the  result  cannot  be  accurate  be- 
yond the  first  doubtful  place  in  any  of  the  numbers  added  or  sub- 
tracted, 

n.  In  muitifliccUion  or  division  the  relative  accuracy  of  the 
product  or  quotient  cannot  exceed  that  of  the  factor  whose  relative 
accuracy  is  least, 

(f)  Nate.  The  first  of  these  propositions  is  self-evident  and  the  second 
is  easily  proved.     Let  o  and  b  be  the  errors  of  two  numbers  A  and  B.  Then  -j 

M  the  relative  accuracy  of  A  &nd  ^  of  B.     (A  +  a)  X  {B  +  6)  -  AB + Ba  + 
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Ah+€ib.    Droiipiiig  the  very  small  quantity  ah  the  error  of  this  product  i« 

Ba-\-Ah  and  the  relative   accuracy  of  the  product  is* — j^ — """>.■ +"i>- 

AB  A       B 

Hence  the  relative  accuracy  of  a  product  is  practically  equal  to  the  sum  of 
the  relative  (or  fractional)  accuracies  of  the  factors,  and  hence  less  than 
either. 

It  is  unwise  to  adopt  hard  and  fast  rules  in  shortening  com- 
putations, but  by  following  intelligently  the  suggestions  given 
below  a  great  deal  of  time  may  be  saved  without  sacrificing 
accuracy  in  the  results. 

(g)  SuaGESTiONS  for  shortening  computations.  Multipli- 
cation. (1)  Before  beginning  a  multiplication  ascertain  by 
inspection  which  of  the  factors  contains  the  smallest  number  of 
certain  figures.  Call  this  the  limiting  factor.  (2)  Use  the 
abridged  method.  Reverse  the  limiting  factor  for  a  multiplier, 
count  off  from  left  to  right  one  more  place  in  the  multiplicand 
than  there  are  certain  places  in  the  multiplier,  and  begin  under 
this  place  to  write  the  multiplier  backward  from  right  to  left. 
The  number  of  certain  figures  in  the  product  can  never  exceed  the 
number  of  certain  figures  in  the  limiting  number  by  more  than  one; 
frequently  the  number  of  certain  figures  in  both  wUl  be  the  same. 

Remark.  This  method  gives  the  result  exactly  to  one  uncertain  place, 
and  the  error  in  the  second  uncertain  place,  if  there  is  any,  will  rarely 
exceed  one  unit.  See  Art.  424  (e),  p.  365.  By  observing  what  figures  are 
affected  by  the  uncertain  figure  in  the  multiplier  the  number  of  uncertain 
figures  in  the  product  will  become  evident.  (See  abridged  multiplication, 
p.  371.) 

Addition  and  subtraction.  (1)  The  limiting  number  will  be 
the  one  whose  first  uncertain  figure  is  farthest  to  the  left.  (2)  In 
writing  down  the  quantities  omit  all  figures  in  each  number 
beyond  the  second  doubtful  place  of  the  limiting  number. 
(See  abridged  addition,  p.  371.) 

Division.  Use  the  abridged  method  on  p.  366,  and  deter- 
mine by  inspection  the  figures  rendered  uncertain  in  the  divisor. 

General  suggestions,  (1)  Retain  throughout  the  different 
steps  of  a  calculation  enough  places  of  figures  to  correspond  to 
two  uncertain  figures  in  the  result  in  order  that  the  first  imcer- 
tain  figure  may  be  free  from  accumulated  rejection  errors. 
(2)  In  dropping  figures,  add  1  to  the  last  figure  retained  when 
the  first  left-hand  rejected  figure  is  greater  than  5;  when  it  is 
less  than  5  leave  the  last  figiu^  unchanged.  If  the  rejected 
figure  is  5,  add  1  to  the  last  figure  retained  if  this  will  make 
it  even,  otherwise  leave  it  imchanged. 
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(h)  Application  of  rules.  We  usually  know  before  begin- 
ning a  calculation  what  degree  of  precision  is  required  in  a 
result,  or  else  we  desire  to  compute  a  result  as  accurately  as  the 
data  will  permit.  In  either  case  we  may  be  guided  by  the 
rules  just  given.  In  the  following  illustrations  of  the  applica- 
tions of  the  rules  it  is  tmderstood,  unless  otherwise  stated, 
that  the  last  digit  in  a  number  is  the  only  uncertain  figure. 

Illustration  I.  The  lengths  of  two  sides  of  a  rectangular  lot  are  given 
as  626.8  ft.  and  73.2  ft.  What  is  its  area?  There  cannot  be  more  than 
two  certain  figures  in  the  result,  since  there  are  only  two  in  73.2.  Hence 
reverse  732,  and  writing  the  7  under  the  third  figure  in  626.8  obtain  the 
result  by  abridged  multiplication  =  45  880;  since  the  last  three  figures  are 
uncertain  this  result  may  be  written  45  900  sq.  ft.  Bj^  direct  multiplica- 
tion 626.8X73.2  =  45  881.76,  the  last  five  figures  of  which  are  uncertain, 
hence  the  result  is  no  more  accurate  than  before. 

Itt-uttration  11%  The  lengths  in  the  above  illustration  are  gfven  as 
$26L8a4  ft.  and  73.253  ft.  The  data  will  bear  inspection.  Was  allowance 
made  in  chaining  for  temperature  and  other  sources  of  error?  (p.  43).  If 
not,  there  cannot  be  more  than  three  certain  figures  in  either  m^usurement. 
Assuming  this  to  be  true,  626.8X73.25  =  45  912  (by  abridged  multiplica- 
tion), or  45  910  sq.  ft.  Taking  the  measmrements  as  given,  by  direct 
multiplication  626.834X73253  =  45  917.471002;  only  four  figures  of  this 
result  can  be  certain,  hence  it  may  be  written  45  917  sq.  ft.,  with  the  last 
figure  uncertain.  This  is  a  good  illustration  of  the  folly  of  carrying  com- 
putations  to  an  excessive  number  of  places. 

Illustration  III.  The  radius  of  a  circle  is  given  as  21.84,  what  is  the 
eircumference?  There  can  be  only  three  certain  figures  in  the  answer, 
hence  use  2n  to  tour  places.  By  abridged  multiplication  6.283X21.84  — 
137.22  ft.,  with  the  last  two  figures  uncertain.  Using  k  to  one  more  place, 
2X3.1416X21.84-137.225088  (by  direct  multiplication),  a  result  with 
only  three  certain  figures  and  no  more  accurate  than  before. 

lUuatration  IV.  The  base  of  a  right-angled  triangle  is  given  in  the  field 
notes  as  428.63  ft.  and  the  adjacent  angle  is  44*^24',  measured  to  the 
nearest  minute.  What  is  the  length  of  the  perpendicular  side?  The 
natural  tangent  for  44°  24'  is  0.97927  and  for  44*  25'  it  is  0.97984.  Since 
the  maximum  error  in  the  angle  may  be  as  large  as  30*  the  natural  tangent 
may  vary  nearly  3  in  the  fourth  place,  and  there  can  be  only  three  certain 
figures.  Hence  drop  the  last  figure  in  428.63  and  by  abridged  multiplica- 
tion 428.6X0.9793  —  419.72,  or  since  there  are  but  three  certain  figures 
the  result  is  419.7.     If  the  length  is  taken  as  it  stands  and  a  five-place  tan- 

fent   is   used,    the  result   by   direct   multiplication   is   428.63  X  0.97927 — 
19.7445()01  it.,  only  three  figures  of  which  are  certain,  hence  the  result  is 
419.7,  the  same  as  before. 

Illustration  V:  Suppose  in  the  above  illustration  that  the  angle  was 
measured  to  the  nearest  10".  The  variation  in  the  tangent  would  be  only 
\  X  .00057  or  .00(X)9,  hence  the  first  four  figures  are  certain  and  five  places 
may  be  retained  in  the  length  and  in  the  tangent  or,  by  abridged  multipli- 
catdon.  428.63 X. 97927  =  419.744,  four  figures  of  which  are  certain,  hence 
the  result  is  419.74. 

IlluHration  VI.  Suppose  in  the  above  illustration  that  the  base,  meas- 
ured to  the  nearest  foot,  is  428  ft.  There  can  be  only  two  certain  figures 
m  the  result,  hence  use  only  three  figures  in  the  tangent.  By  alMidged 
muHipUcation  428 X. 979 -419.0  ft. 

(i)  Trigonometric  tables.  The  following  general  rules  may 
be  given  for  simple  computations  such  as  ordinarily  arise  in 
offiee  work.  They  hold  good  for  logarithmic  tables  as  well  as 
for  tables  of  natural  functions. 
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For  two  certain  figures  in  the  result  use  three-place  tables, 
for  three  certain  figures  use  four-place  tables,  for  four  certain 
figures  use  five-place  tables.  In  computations  involving  several 
steps  it  may  be  necessary  to  use  tables  to  one  more  place  in 
each  case. 

If  angles  are  given  to  the  nearest  minute  use  four-place  tables; 
if  angles  are  known  to  be  in  error  less  than  30"  use  five-place 
tables. 

(j)  Remark.  Six-place  tables  are  seldom  needed  in  office  computations 
except  for  measurements  of  the  highest  precision,  such  as  those  which 
are  made  in  accurate  triangulation.  In  direct  logarithmic  multiplication 
and  division  with  4-,  5-,  and  6-place  tables  the  work  is  about  as  2  :  3  :  4, 
i.e.,  the  work  is  doubled  by  using  six-place  tables  instead  of  four. 

426.  Logarithmic  Computations.  The  following  sugges- 
tions are  intended  to  supplement  the  directions  commonly  given 
for  the  use  of  logarithmic  tables. 

(1)  A  large  proportion  of  the  time  required  for  the  use  of 
tables  is  spent  in  merely  tmning  leaves,  a  fact  not  always  ap- 
preciated. Make  it  a  rule,  therefore,  when  the  tables  are  open 
at  a  given  page  to  look  up  all  that  is  to  be  taken  from  that 
page  before  turning  to  another.  In  order  to  do  this  it  will  be 
necessary,  at  the  beginning  of  a  calculation,  to  prepare  a  form 
or  schedule  in  which  a  place  is  left  for  each  logarithm,  and  for 
the  result  of  each  step  throughout  the  computation.  The  un- 
divided attention  can  then  be  given  to  looking  up  the  loga- 
rithms, thus  saving  time  and  diminishing  the  chances  of  error. 

lUutiration.  On  page  393  the  bearing,  the  length,  .and  the  letters  of 
each  given  line  were  entered  in  the  first  colunm,  and  this  column  was  entirely 
completed  before  the  logarithmic  tables  were  used  at  all.  (See  also  the 
form  for  triangulation  computations,  p.  399.) 

(2)  Mistakes  are  less  likely  to  occur  if  like  operations  are 
always  carried  out  in  the  same  way.  For  example,  in  inter-' 
polation,  it  is  well  to  work  always  from  the  next  smaller  towards 
the  next  larger  minute,  regardless  of  whether  this  takes  one  up 
or  down  the  page.  Thus  if  the  sine  of  42°  20'  20"  is  desired, 
add  }  the  difference  in  the  table  to  the  sine  of  42°  20'  rather 
than  subtract  §  the  difference  from  the  sine  of  42®  21',  though 
the  latter  method  would  be  correct.  Likewise  if  the  cosine  of 
64**  10'  16"  is  desired,  subtract  }  the  difference  in  the  tables 
from  the  cosine  of  64°  10'  rather  than  add  f  the  difference  to 
the  cosine  of  64°  11'.  Of  course  one  must  always  be  careful  to 
observe  whether  the  tabular  values  of  functions  are  increasing 
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or  decreasmg,  as  one  glances  from  the  next  lower  to  the  next 
higher  minute,  for  this  will  determine  whether  the  proportional 
difference  is  to  be  added  or  subtracted. 

Remark.  Form  the  habit  of  roughly  checking  a  quantity  obtained  by 
interpolation.  Thus,  for  example,  if  i  the  tabular  difference  has  been 
added  to  one  tabular  value,  see  if  the  result,  as  nearly  as  can  be  estimated, 
is  }  the  tabular  difference  from  the  next  tabular  value.  A  quick  inspec- 
tion of  this  sort  is  likely  to  reveal  any  serious  blunder  that  has  been  made 
in  interpolating. 

Some  tables  gi/e  proportional  parts,  but  if  they  are  not  given,  aim  to 
perform  interpolation  mentally  without  setting  down  figures. 

(3)  When  an  angle  is  more  than  90**  there  is  danger  not  only 
of  ignoring  the  algebraic  sign  of  a  function,  but  of  using  the 
wrong  heading  or  the  wrong  colunm  of  minutes.  In  some 
tables  the  degrees  are  indicated  from  0°  to  180°  by  giving  four 
different  values  on  each  page,  one  in  each  comer.  In  that  case 
follow  the  simple  rule  to  use  the  line  of  headings  and  the  column 
of  minutes  which  are  nearest  to  the  degree  number  used, 
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It  will  pay  to  go  through  a  new  set  of  tables  and  to  draw 
indexes  or  arrows  on  each  page,  as  shown  above.  This  simple 
device  will  often  save  mistakes  by  reminding  one  of  the  proper 
minute  colimm  and  line  of  headings  to  use.  If  many  calcula- 
tions are  to  be  made  with  angles  greater  than  180**,  additional 
numbers  may  be  marked  on  each  page  of  the  tables,  e.g.,  the 
numbers  207**,  332**,  242°,  and  297°,  shown  above. 

(4)  Another  useful  device  is  to  letter  a  narrow  strip  of  card- 
board with  headings  at  the  top  and  bottom,  as  shown  above, 
to  fit  the  tables  used,  and  to  slide  this  strip  up  or  down  in 
taking  quantities  from  the  tables. 

(5)  When,  as  is  often  the  case  in  trigonometric  computations, 
any  one  of  several  methods  may  be  used,  the  following  sug- 
gestions will  help  to  decide  which  to  choose* 
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(a)  An  angle  ia  best  determined  from  a  function  which  changes 
rapidly,  i.e.,  vrith  large  tabular  differences, 

(6)  A  quantity  to  be  found  from  a  given  angle  is  best  determined 
by  means  of  a  function  which  changes  slowly. 

(c)  Tangents  and  cotangents  vary  more  rapidly  than  sines  and 
cosines,  hence  use  the  former  to  determine  angles  and  the  latter  to 
determine  lengths. 

Remark.  The  more  poorly  proportioned  a  triangle  the  more  important 
these  rules  become. 

Illustration.  Let  the  three  sides  of  a  right-angled  triangle  be  20.00  ft., 
140.00  ft.,  and  141.42  ft.  respectively.  Required  the  angles  A  and  B, 
Each  can  be  found  in  four  ways: 

Oft  94.' 

tan  A -cot  5  =  ^      =0.14286=  8*»    7^     -  S"    7'.82  + 

14ft  2R2' 

tan  B-cot  il  =  ^      =  7.00000 -81»  52^  =81**  62M9  + 

Oft  O-J/ 

8inA-cosB=»~^-=0.14142=.  8»    7^     -  8*'7'.79  + 

14ft  2' 

Bin  5  -  cos  A  =  rrr^  =  0.98996  -  81°  52^       =  81°  62'.5 
141.42  4 

The  denominator  in  each  fraction  of  a  minute  is  the  tabular  difference 
for  the  corresponding  function.  This  is  largest  for  tan  B  or  cct  A,  i.e.,  the 
function  is  changing  about  0.01456  per  minute  of  arc,  and  hence  this  is 
the  most  accurate  determination  of  A  or  B.  The  least  accurate  result, 
and  one  of  comparatively  little  value,  is  that  obtained  from  sin  B  or  cos  A, 
the  tabular  difference  being  only  4  for  one  minute  of  arc.^  Of  course  so 
poorly  proportioned  a  triangle  should  be  avoided  in  practice  when  great 
accuracy  is  desired. 

(6)  The  student  will  find  it  a  great  help  to  memorize  a  few 
logarithms,  especially  those  of  the  whole  numbers  up  to  ten, 
and  of  those  constants  most  frequently  used.  Thus,  for  exam- 
ple, he  can  leam,  in  a  few  minutes,  the  logarithms  of  2,  3,  4,  5, 
6,  7,  8,  and  9,  then  he  will  know  the  logarithms  of  their  squares, 
and  of  simple  multiples,  and  hence  the  logarithms  of  at  least  a 
third  of  the  numbers  from  1  to  100  will  be  at  his  command. 

(7)  Finally,  the  student  is  urged  to  use  logarithms  in  prefer- 
ence to  arithmetical  calculations  whenever  the  work  involves 
many  figures.  He  must  overcome  the  antipathy  to  the  use  of 
logarithms  which  seems  prevalent  among  students,  and  recog- 
nize that  in  long  multiplications,  in  long  divisions,  in  squaring 
or  cubing  numbers,  and  in  extracting  square  or  cube  roots  a 
table  of  logarithms  is  a  great  labor-saving  device. 

427*  Useful  Tables.  Among  the  tables  most  useful  in  office 
computations  in  addition  to  the  tables  of  natural  functions  and 
the  logarithmic  tables  are  the  following:  Stadia  reduction 
tables,  tables  of  latitudes  and  departures  (see  p.  388),  multi- 
phcation  tables,  such  as  those  of  Crelle,  which  give  the  prod- 
ucts of  three  figures  by  three  figures  to  999X999,  tables  of 
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aqiiares  and  cubes,  decimals  of  a  foot  for  each  A  of  an  inch, 
earthwork  tables,  table  of  chords,  and  tables  giving  squares  of 
feet  and  inches  to  each  in  of  an  inch  up  to  100  feet. 

Many  simple  tables  may  be  prepared  for  special  use.  For 
instance,  any  arithmetical  calculations  which  occur  again  and 
£igain  may  be  performed  once  for  all  and  the  results  tabulated. ' 
Thus,  for  example,  such  constants  as  43  560  (sq.  ft.  per  acre), 
27  (cu.  ft.  per  cu.  yd.),  and  7r  =  3.1416  may  be  multiplied  by 
each  digit  from  2  to  9  once  for  all,  thus  saving  time  ana  avoid- 
ing errors  in  subsequent  multiplications  or  divisions  in  which 
these  quantities  are  involved. 

428.  Graphic  Methods  often  give  satisfactory  results  in  less 
time  than  they  could  be  obtained  by  computation.  For  exam- 
ple, horizontal  curves  may  be  plotted  and  scaled  (see  p.  208), 
gradients  and  vertical  curves  may  be  determined  in  the  same 
way  (p.  289),  areas  may  be  checked  by  scaling  distances  and 
by  means  of  ruled  squares  (p.  408),  contour  points  may  be 
interpolated  graphically  (p.  433  and  p.  498).  ^ 

Diagrams  may  be  constructed  to  be  used  in  place  of  tables, 
such,  for  example,  as  those  for  reducing  stadia  readings  (p.  482), 
for  determining  latitudes  and  departures  (p.  388),  and  for  esti- 
mating quantities  in  earthwork. 

Remark.  Excellent  devices  for  shortening  office  work  appear  in  the 
engineermg  papers  from  time  to  time,  either  in  the  form  of  diagrams  or 
tables.  When  engaged  in  a  special  line  of  work,  be  on  the  alert  to  devise 
similar  diagrams  or  tables.  By  exercising  a  little  ingenuity  a  great  deal 
of  drudgery  may  be  saved. 

429.  Mechanical  Methods.  Among  the  most  common 
mechanical  devices  for  supplementing  office  computations  are 
the  slide-rule,  the  planimeter  (p.  408),  the  pantograph  (p.  443), 
the  protractor,  and  the  computing  machine.  There  are  several 
forms  of  slide-rules  designed  for  special  pmposes,  such,  for 
example,  as  the  stadia  slide-rule  for  reducing  stadia  readings. 
There  are  also  various  forms  of  planimeters,  pantographs,  and 
computing  machii^es* 


CHAPTER  XXX 

CALCULATION  OF  BEARINGS 

If  the  bearing  of  any  line  of  a  survey  is  known  and  the  angle  which 
that  line  makes  with  a  second  line  is  also  known,  the  bearing  of  the  second 
line  can  be  calculated.    The  method  of  calculation  is  given  m  this  chapter. 


430.  Algebraic  Signs  of   Bearings   and   Angles.      For 

convenience  in  computation  all  angles  measured  to  the  right,  or 
clockwise^  are  plus;  to  the  left,  or  counter-dochwiae,  minus.  This 
applies  not  only  to  angles  measured  in  the  field  but  also  to  angles 
of  bearing.  Thus  N.E.  and  S.W.  bearings  are  plus  and  N.W. 
and  S.E.  bearings  are  minus, 

431.  The  Angular  Distance.  If  through  one  end  of  any 
line  a  north  and  south  line  is  established,  four  angles  are  formed, 
two  of  which  are  measured  from  N.  (one  clockwise  and  one 
coimter-clockwise)  and  the  other  two  from  S.  (one  clockwise 
and  one  counter-clockwise).  Each  of  these  angles  may  be 
called  the  art^gular  distance  of  the  given  line.    In  giving  the 

angular  distance  of  any  line,  it  is  neces- 
sary, therefore,  to  state  whether  it  is 
plus  or  minus  and  whether  it  is  meas- 
ured from  N.  or  from  S. 

Ittustration.     The  bearing  of  a  line,  BA,  ii 
S.  60°  W.    The  four  angular  distances  are: 
(1)  240°  vlu8  from  N. 
ii)  120°  mmvs  from  l^, 

(3)  60°  plus  from  S. 

(4)  300°  minus  from  S. 
Note.    Notice  that  when  any  angular  dis- 
tance is  00°  or  Uaa,  it  is  identical  with  hear* 
ing, 

432.  To    Convert    Angular    Distance    Into    Bearing. 

(1)  Notice  whether  the  angular  distance  is  measured  from 
N.  or  from   S.  and  whether   clockwise   or  coimter-clockwise. 

(2)  Imagine  the  angle  turned  off  from  N.  or  from  S.  as  the 
case  may  be  and  from  the  nimaber  of  quadrants  passed  over, 
determine  the  quadrant  of  bearing  (i.e.,  whether  it  is  N,R, 
S.E.,  S.W.,  or  N.W.),  and  then  the  angle  of  bearing. 

378 
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(fit)  JUustration.  The  angular  distance  of  a  line  from  N.  is  160^  plui. 
Since  this  is  more  than  90°  clockwise  from  N.,  but  less  than  180°.  thQ  line 
must  be  in  the  S.E.  quadrant,  20°  from  S.,  i.e.,  the  bearing  is  S.  20°  E. 

(6)  lUuatratum.  The  angular  distance  of  a  line  from  S.  is  -220°  minua. 
Since  this  is  more  than  180°  counter-clockwise  from  S.,  but  less  than  270°, 
the  line  must  be  in  the  N.W.  quadrant,  40°  from  N.,  i.e.,  the  bearing  ia 

ip)  lUuslration.  The  angular  distance  of  a  line  from  N.  is  280°  jilus. 
This  is  more  than  270°  (or  three  quadrants)  clockwise  from  N.,  hence  the 
line  is  in  the  N.W.  quadrant,  i.e.,  bearing  is  N.  80°  W. 

Note.  It  is  important  that  the  student  should  be  able  to  convert  angular 
distance  into  bearing  or  vice  versa  without  puzzling  ov&c  it,  and  without 
relying  upon  rules.  Form  a  clear  mental  picture  of  the  four  quadrants 
of  bearing,  the  starting-point  N.  or  S.  as  the  case  may  be,  the  direction 
plus  or  mmus,  the  niuxiber  of  quadrants  passed  over,  and  the  final  location 
of  the  line.  The  mental  process  is  a  simple  one,  and  once  the  idea  is 
erasped,  it  ceases  to  be  a  matter  of  memory.  Practice  on  the  following 
flluBtration,  checking  the  columns  of  bearings  until  sure  of  the  method. 


ANO.  DI8T. 

ANQ.  DIST. 

BEA-RING 

N.     60°  + 

N.60°E. 

8.       20°  + 

S.    20°  W. 

N.  1709+ 

S.  10°  E. 

8.  130°  + 

N.  50°W. 

N.    80°- 

N.  80°  W. 

8.  280°- 

S.  80°  W. 

N.  260°+ 

S.  80°  W. 

N.  310°  + 

N.  50°W. 

N.300°- 

N.  60°  E. 

S.  260°+ 

N.  809E. 

(d)  To  convert  azimvih  into  hearing.  This  is  simply  a  special 
case  of  the  method  just  explained,  for  the  azimuth  of  a  line  is 
the  same  as  its  angular  distance  measured  phis  from  N. 

433.  Calculating  Bearings*  The  bearing-  of  one  line^  is 
known,  the  angle  which  that  line  makes  with  a  second  line  is 
also  known,  required  the  bearing  of  the  second  line. 

(1)  Set  down  the  given  BEARING  followed  by  the  correspond" 
ing  sign  (Art.  430). 

Note.  Every  line  has  two  bearings  (Art.  155,  p.  112).  Be  sure  to  use 
the  one  corresponding  to  that  end  of  the  line  at  which  the  given  angle 
was  measured, — change  the  given  letters  if  necessary.  See  illustration  at 
the  end  of  this  article. 

(2)  Set  down  the  given  ANGLE  followed  by  the  corresponding 
sign  (Art.  430). 

(3)  Add  (1)  and  (2)  ALGEBRAICALLY;  put  the  first  leUer 
of  the  given  bearing  in  front  of  the  resuM  and  the  proper  algdrraic 
sign  after  it. 

Note.  The  result  in  (3)  is  an  angular  distance;  the  letter  in  front  tellf 
whether  it  is  measured  from  N.  or  from  S.,  and  the  sign  gives  the  direc- 
tion,— clockwise  if  plus,  counter-clockwise  if  minus. 

(4)  Convert  the  angular  distance  in  (3)  into  bearing  (Art.  432). 

(a)  lUuatraHon.  The  bearing  of  a  line  BA  is  N.  60°  E.;  angle  ABC» 
8(r  clockwise;  required  the  beuing  of  EC, 

BA.  ■■  N     60°  E  + 
jiBC"    '    80°      +  The  student  should  draw  a  figure 

A       Txi  ^    g  on    -M   rJTw       .  showing  the  four  cdhipass-points  and 

^S^'^^^fFzl  ^^  E.  *       «•« "»«  ^*  •"•*  ^^' 
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(5)  TtttutraHon.    The  bearing  of  a  line  BA  is  N.  60°  W.j   angle  ABC» 
80**  clockwise;  required  the  bearing  of  BC, 


BA-N.  60°W.- 
ABC^      SO**        + 
Ang.  Dist.  of  BC=N.  ^       + 
Bearing  of  £C=-N.  20°  E. 


Since  one  sign  is  plus  and  the  other 
minus,  the  algebraic  sum  is  really 
one  angle  subtracted  from  the  other. 
Show  by  a  figure  that  this  is  correct. 


In  each  of  the  two  preceding  illustrations  the  given  anfde  was  measured 
clockwise.  The  method  holds  good  for  angles  measured  counterclockwise^ 
or  to  the  left. 

(c)  lUustration.  The  bearing  of  a  line  BC-S.  40°  E.;  angle  CBA^SV 
counter-clockwise;   required  the  bearing  of  AB. 


BC^S.    40°  E.- 
CBA-        80^      - 
Ang.  Di8t.  of  BA  -  S.  120°      - 
Bearing  of  BA  -N.    60°  E. 


By  the  same  figure  used  in  ccmneis 
tion  with  the  first  illustration  the 
studoit  can  see  that  the  process  hatt 
indicated  is  correct. 


(d)  An  important  distinction.  The  bearing  taken  at  one  end 
of  a  line  should  never  be  used  in  connection  with  an  angle 
taken  at  the  other  end  without  first  changing  the  letters.  The 
importance  of  this  distinction  is  shown  in  the  following  illus- 
tration. The  bearing  AB  is  given  as  S.E.,  but  the  given  angle 
was  measured  at  B,  hence  the  bearing  of  BA  must  be  used,  and 
this  is  N.W.,  not  S.E.     (See  note  at  the  top  of  p.  113.) 


INCORRECT 

AB=»S.  60°E.- 
ABC7=     105°      + 
Ang.  Dist.  of  BC  =  S.  "iS*      + 
Bearing  of  BC     -S.  45°  W.  Incorrect 


CORRECT 

BA=N.  60°  W.- 
ABC^     JJ05°       + 
Ang.Dist.ofBC=N.  45°       + 
Bearing  of  BC»N.  45°  £.  Correct 


It  is  seen  that  if  the  incorrect  bearing  S.E.  is  used  to  start 
with,  the  result  makes  the  point  C  appear  to  be  S.W.  of  B  when 

it  really  is  N.E.  of  B, 

(«)  Check.  By  arranging  the  last  two  letters  of  any  angle  directly  under 
the  two  letters  of  the  preceding  line,  as  shown  above,  the  following  check 
may  be  used:  When  the  middle  letter  of  an  angle  ia  net  the  same  as  the  letter 
directly  above  it  the  bearing  of  the  preceding  line  must  be  changed,  otherwtee  it 
may  be  left  as  it  i«.  (Why?)  Thus,  in  the  first  column,  B,  the  middle 
letter  of  ABC,  is  under  A,  hence  AB  (S.E.)  is  changed  to  BA  (N.W.)  in 
the  second  column.      ^See  also  the  note,  Art.  434  (a),  p.  382.) 

(/)  Remark.  The  above  method  holds  good  no  matter  in  which  quad- 
rant of  bearing  the  given  Ime  may  lie,  or  whether  the  given  angle  is  meas- 
ured to  the  left  or  to  the  right.  The  method  is  a  very  simple  one,  and  the 
somewhat  extended  explanation  on  the  preceding  pages  is  justified  only 
by  the  fact  that  for  .some  reason  many  students  find  difficulty  in  calcu- 
lating bearincs,  especially  in  the  field.  At  first,  in  order  to  be  sure  of  the 
correctness  of  the  method  in  any  given  case,  it  may  be  necessary  to  make 
a  sketch,  drawing  the  given  line  in  its  proper  quadrant  of  bearing,  and 
then  roughly  plotting  the  given  angle.  It  is  far  better,  however,  to  do 
all  this  mentally.  Until  the  student  can  «e«  in  a  mental  picture  the  reason 
for  each  step  of  the  method  as  he  takes  it,  he  cannot  consider  himself  pro- 
ficient in  calculating  bearings.  To  this  end,  practice  on  the  examples 
given  below,  checking  the  bearings  in  the  last  column.  The  calculation 
is  purposely  omitted  in  some  cases.  Notice  in  each  case  whether  the 
given  bearing  is  forward  bearing  or  back  bearing. 
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SXAMt»LBB  m  CkUiOJJjn»G  BKARINOft. 

B^Aw^  to  tli«  right;  Ir= Angle  to  the  left. 


Given 
Bearings 


AB: 
AB: 
BC: 
BA: 
AB: 
CD: 
CD: 
BC\ 
BC: 
AB: 
BC: 
BAi 
AB: 
AB: 
AB: 
AB: 
BC: 
BA: 
AB: 
AB: 


N  30°  W 
S  50°E 
NSO^W 
N3(y*E 
NSO'E 
N3GPE 

S  80PE 
N5(y»W 
NSOPW 
N60PE 
NSO'E 
N3(y»^ 

Neo»E 

S  7(y»E 
8  60°W 

N«y»w 

8  7(y»w 

B70PW 


Angle 


ABC: 
ABC: 
BCD\ 
ABC: 
ABC: 
DCB: 
CDB: 
MbCD: 
BCD: 
ABCl 
BCD: 
ABC: 
^^BCi 
VJ\aBC: 
~  ABC: 
ABC: 
BCD: 
ABC: 
ABC: 
ABC: 


60°ft 

%QC  R 

50'  - 

120*' 22 

200°  ft 

200»R 

300°  ft 

300°  ft 

820°  ft 

40°ft 

160°ft 

50°  L 

50°L 

200°  ' 

300°  L 

90°L 

200°ft 

200PL 

200°ft 


RBA 


Bearing 
Used 


BA:  S  30°  W 
BA:  S  30°  E 
CB:  N50°W 
:  N  30°  W 
BA:S  30°  W 


DC:  S  30°  W 
CB:  N80°E 
CB:  N80°W 


BA:  S  30°  W 

BA:  8  30°E 

:S  60°W 


LBA 


Calcula- 
tion 


Angular 
Distance 


+30+  60 
-30  + 
-60  + 
-30+  50 


508 


+30 

-30-  60 
+  60-200 


S  80°  + 
8  20°  + 
N  20°- 
N  20°  + 
8  160°  + 
N230°  + 
8  230°  + 
N380°  + 
N220°  + 


20°- 
8  80°- 
8  140°- 


Required 
Bearing 


BC: 
BC: 
CD: 
BC: 
BC: 
CB: 
DB: 
CD: 
CD: 
BC: 
CD: 
BC: 
BC: 
BC: 
BC: 
BC: 
CD: 
BC: 
BC: 
BC: 


8  80°W 
S  20°W 
N20°  W 
N20°E 
N  30°  W- 
8  60^  W 
N50°E 
N20°E 
8  40°W 
NOO°E 
S  40°E 
S30°W 
8  20°E 
880°E 
N40°E 
N10°  W 
N30°W 
8  60°E 
8  60°W 
8  90°  W 


434.  Application  of  the  Metliod  to  a  System  of  Transit 

Lines*  When  in  any  survey  the  bearing  of  each  transit  line 
is  calculated  from  the  bearing  of  the  preceding  transit  line, 
tils  back  bearing  of  the  preceding  line  must  be  used,  for  reasons 
given  in  the  preceding  article. 

This  is  illustrated  by  Fig.  434  and  the  corre£^)onding  compu* 
tatiiMis  given  below.  Thus  if  the  bearing  of  AB  is  S.  30**  E. 
this  is  changed  to  N.  30**  W. 
in  order  to  find  the  bearing 
of  BC  (N.  60^  E.).  This 
bearing  of  BC  must  then  be 
changed  to  S.  60°  W.  in  order 
to  find  the  bearing  of  CD, 
and  so  on.  In  the  compu- 
tation these  changes  are  in- 
dicated by  letters  in  paren- 
thesis, and  the  letter  placed  be- 
fore the  angular  distance  will 
be  the  "first  letter  in  the  pre- 
ceding parenthesis.  In  this 
way  the  computations  can  be  kept  in  a  continuous  form  as  shown 
here,  and  as  still  better  illustrated  on  p.  391. 


Fio.  434. 
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It  is  seen  from  these  two  sets  of  computations  that  it  is  im- 
material in  which  direction  angles  are  taken  provided  propet 
account  is  kept  of  algebraic  signs. 

ANGLE  TO  RIGHT  ANGLE  TO  LEFT 

AB^8.    30**  E.  - (N.W.)     AB= S.  30''  E.  - 

ABC'^        90^   +  BAD^      100<>   - 

B,C«N.  60°E. +(S.W.)  A2>»S.  130°  - 
BCD'^        75°   +         AD=N.    50°E. +(S.W.) 

CD  ^8.   136°   +  ADC=        95°   - 

CD«N.  45°W.-(SJJ.)      i>C=-S.  45° E. -(N.W.) 
CZ>A     95°   +         DCB^-        75°   - 

2>A«S.  50°W-+(NJl)  CB-N.120°  - 
DilB^   100°   +  CB=S.  60°W.  +  (N.E.) 

ilB«N.  150°   +  CBA^        90°   - 
ilB= S.  30°  E.  (check)      -BA =N  30°  W.  -  (check) 

(a)  i^Tola.  Apply,  by  inspection,  the  check  of  Art.  433  («),  p.  380.  In 
the  second  column  A  in  the  an^le  BAD  is  like  the  letter  directly  above  it, 
and  hence  the  bearing  of  AB  is  left  unchan£?ed,  i.e.,  S.E.  On  the  othor 
hand  the  middle  letter  of  every  other  angle  is  unlike  the  letter  above  it, 
and  hence  the  bearing  preceding  each  of  the  other  an^es  is  changed  as 
indicated  by  the  letters  m  the  parentheses. 

(6)  Calculating  bearings  from  deflection  angles.  Precisely  the 
same  method  holds  good;  except  that  the  forward  bearing  of  the 
preceding  line  is  used  each  time  instead  of  the  hack  bearing. 
(See  Art.  189  (a),  p.  127,  for  an  illustration.)  Prove  that  this 
method  is  correct. 

(c)  To  change  the  hearings  of  all  lines  of  a  traverse  hy  the  same 
amount.  This  is  also  a  special  case.  Give  the  proper  sign  to 
the  angle  by  which  each  bearing  is  to  be  changed,  according  to 
whether  the  lines  are  to  be  swung  clockwise  or  coimter-clock- 
wise.    Add  this  angle  algebraically  to  each  bearing. 

Example.  (1)  In  Fig.  434  change  the  bearing  of  AB  to  d.  50^  E.  and 
find  the  corresponding  bearings  of  the  other  three  lines,  changing  each  by 
the  same  amount.  (2)  Change  BC  to  N.  30°  E.  and  find  the  correspond- 
ing bearings  of  the  other  three  lines. 

435.  To  Calculate  the  Angle  between  Two  Lines  when 
their  Bearings  are  Known.  This  is  simply  the  reverse  of 
the  process  already  given. 

Method,  (1)  Make  sure  that  the  two  bearings  are  both  from 
the  same  station,  i.e.,  if  necessary  reverse  the  letters. 

(2)  Choose  either  Hne  as  a  backsight  and  convert  the  bearing 
Qt  the  other  Une  into  angular  distance^  measured  from  the 
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same  point  (N.  or  S.)  from  which  the  bearing  of  the  backsight 
is  measured. 

(3)  Give  to  the  bearing  of  the  backsight  and  to  the  angular 
distance  of  the  other  Kne  each  its  proper  algebraic  sign,  and 
subtract  algebraically  the  former  from  the  latter,  i.e.,  the 
bearing  from  the  angular  distance. 

(4)  The  result  is  the  required  angle  measinred  clockwise  or 
counter-clockwise  from  the  assumed  backsight  according  to 
whether  the  sign  is  plus  or  minus. 

.  If  the  student  thoroughly  imderstands  the  method  given  on 
the  preceding  pages  he  will  have  no  difficulty  in  proving  the 
correctness  of  the  method  given  above. 

.  lUiutration.    Calculations  of  the  angles  in  Fig.  434  from  the  given  bear- 
ings.    Given:   AD^N.  50°  E.  and  AB^-Q.  30°  E.  to  find  DAB.     This  can 
be  done  four  different  ways, — two  assuming  ^D  as  a  backsight*  and  two 
I        ftwrnming  AB  as  a  backsight. 

AD  assumed  as  a  backsight. 
ilB  =  N.  150°      +  or     AB^n721€P      - 
AD'^N.    50°E.+  or     AD  =  N,    50°  E.+ 
J  ,    DAB^      100°       +  or  DAB^      260°      - 

AB  assumed  as  a  backsight. 

AD=-S.  130°      -  or     AD  =  S.  230°      + 

A^  =  8.    30°  E.-  or     AB^S.    30°  E.- 

BAD^      100°      -or  BAD-      260°      + 

In  the  above  illustration  the  algebraic  sign  of  each  result  indicates  in 

^       which  direction,   clockwise  or  counter-clockwise,   the  angle  is    measured 

^om  the  assumed  backsight.     Find  the  angles  at  B,  C,  and  D  in  a  similar 
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LATITUDES  AND  DEPARTURES 

The  theory  of  latitudes  and  departures  explained  in  this  chapter  is  as 
simple  as  it  is  important.  Latitudes  and  departures  are  used  in  plotting 
maps  (see  Chapter  XLI) ;  also  in  calculating  omitted  measurements  (Chap- 
ter XXXII)  and  areas  (Chapter  XXXIII). 


436,  Latitude  and  Departure  are  terms  for  two  co-ordi- 
nate distances,  one  (the  latitude)  measured  parallel  to  a  north 

N  end  south  line,  the  other  {the  de- 

yarture)  measured  parallel  to  an 

east  and  west  line. 

lUtutration.  In  Fig.  436  a  line  AB  is 
in  the  N.E.  quadrant.  AC=^DB  is  its 
latUude  and  AD  =  CB  is  its  departure. 
The  angle  CAB  is  the  hearing  of  the  line. 

Latitude  difference  and  longitude  difjer- 

DepQMun  u        £     ence.    Terms  preferred  by  some  writers 

_,  to  the  old  and  established  terms  latitude 

h  to,  4io.  and  departure. 

437.  Latitude  and  Departure  is  Found  from  the  Bear- 
ing.    It  is  evident  from  Fig.  436  that 

Length  of  the  LineX Cosine  Bearing = Latitude  of  the  Line. 
Length  of  the  LineX  Sine  Bearing  =  Departure  of  the  Line, 


A  line  AB  in  Fig.  436  is  5(X)  feet  long.     Its  bearing  is 
•f  60°  =  0.500;    the  natural  sine  of  60**  = 


Length  X  Sin.  Bear. -=  Departure. 
500  ft.  X   0.866       =433  ft. 


lUuBtration.  A  line  AB  in  Fii 
N.  60°  E.  The  natural  cosine  ol 
0.866. 

Length  X  Cos.  Bear.  =  Latitude. 
600  ft.  X      0.500     =250  ft. 
Note.     For  other  trigonometric  relations,  see  p.  400. 

438.  Algebraic  Signs  of  Latitudes  and   Departures  are 

determined  by  the  quadrants  of  bearing.  Latitudes  are  plus 
when  the  bearing  is  north,  nmvus  when  the  bearing  is  sovih. 
Departures  are  plus  when  the  bearing  is  east,  minus  when  the 
bearing  is  west.  Thus  the  first  letter  of  a  bearing  (N.  or  S.) 
determines  the  sign  of  the  latitude,  and  the  second  letter  of  the 
bearing  (E.  or  W.)  determines  the  sign  of  the  departure. 
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Illustration.     In  Fig.  438  a  line  has  been  assumed  in  each  of  the  four 
quadrants  of  bearing,  thus  illustrating  all  possible  cases.     The  algebraic 
1  are  shown  on  the  jBgure  and  indicated  cilso  in  the  following  table : 


Line 

AB 
FG 
JK 
OP 


Bearing 

N.E. 
S.E. 

s.w. 

N.W. 


Latitude 
N.(  +  )     S.(-) 
AC 

FI 
JM 
OQ 


Departure 
FH 


I 

I 


£  W"k-zrU £ 


Fia.  438. 

Remark.  These  algebraic  signs  correspond  to  those  in  common  use  for 
ordinate  and  abscissa,  i.e.,  above  the  axis  of  reference  plus;  below, — mintta; 
to  the  right  of  the  axis  pitta  ;  to  the  left, — minus. 

Illustration.  The  calculation  of  latitudes  and  departures  according  to  the 
method  of  Art.  438  is  indicated  below. 


Line  X Cos.  Bearings  Latitude. 


ABXOoB.  BAN. 
FG^Cos.  GFS. 
JKXCoa.  KJ&. 
OP  X Cos.  PON. 


OQ 


FI 
JM 


Line  X  Sin.  Bearing  =■  Departure. 
E.(  +  )      W.(-) 
AB XSin.  BAN.     AD 
POX  Sin.  OPS.      FH 
JKXSin.KJS.  JL 

OP  X  Sin.  PON.  OR 


Remark.  It  is  evident  that  the  departure  of  any  north  and  south  line  is 
■ero,  and  that  the  latitude  of  any  east  and  west  line  is  zero. 

439.  The  Latitudes  and  Departures  of  a  System  of 
Transit  Lines  may  be  used  for  determining  the  position  of  any 
station  with  respect  to  any  other  station.  The  algebraic  sum 
of  the  latitudes  of  all  the  lines  between  any  two  stations  gives 
the  distance  that  one  of  those  stations  is  north  or  south  of  the 
other;  and  the  algebraic  sum  of  the  departures  gives  the  dis- 
tance one  station  is  east  or  west  of  the  other. 

Illustration.  In  Fig.  439  let  it  be  required  to  find  the  position  of  J  with 
respect  t-o  F'.  Suppose  thai  the  latitudes  and  departures  have  been  found 
by  calculation  to  be  the  quantities  indicated  on  the  figure.  Tabulate  the 
quantities  thus: 

Line    Bear. 


Latitude 
+  (N.)-(S.) 
FG     S.B.  65 

OH    N.E.  40 

HI     NW.         64 
IJ      8.E.  48 


Departure 


86 
97 


127 


66 


+94-113     +304-66 
+94     -   66 


-   19     +238  . 

It  is  seen  that  7^  is  19  ft.  south  of  F  and  238  ft.  east  of  F.  It  is  evi- 
dent that  the  position  of  any  point  with  respect  to  any  other  point  can 
be  detemuned  in  like  manner.     Thus: 
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/  18+97-66-31  ft.  east  of  Q  and+40+54-94  ft.  north  of  <7. 

Remark,  This  principle  is  made  use  of  in  plotting  (Chapter  XLI)aad 
in  the  calculation  of  omitted  measurements  and  of  areas  (Clutpters  XXXII 
and  XXXIII);  also  in  parting;  off  land  (Chapter  XXXIV). 

440.  In  a  Closed  System  of  Transit  Lines  the  algebraic 
sum  of  the  latitudes  should  be  zero  and  the  algebraic  sum  of 
the  departures  should  be  zero. 

Remark.  This  simply  means  that  if  a  man  walks  around  a  closed  sys- 
tem of  transit  lines  returning  to  the  starting-point  he  will  have  walked  as 
far  north  as  he  walked  south,  and  as  far  east  as  he  walked  west,  i.e.,  north' 
inga  and  eonthings  are  equal  and  eastings  and  voestinga  are  equal. 


441.  The  Error  of  Closure  of  a  Survey  (see  p.  119)  may  be 
ascertained  by  finding  the  difference  between  the  north  lati- 


^...i[«/. _ii.-.3a2.. 


?<^ 

X! 

1   ^^ 

^0 

J^^JLJ J 

T9S7 

a  me 

Fia.  441. 

line     Length  Bearing 
AB        538.3     B/^E. 
BC         234.9     1?!-E. 
CD         357.7     if.-W. 
'da        391.5     s!!-W. 

N.Lat.(+)  S 

180.1' 
194.9* 

tudes  and  the  south  lati- 
tudes and  the  difference 
between  the  east  departures 
and  the  west  departures. 

Uluetration.  In  Fig.  441  is 
shown  a  closed  system  of  transit 
lines.  Suppose  the  latitude  and 
departure  of  each  line  have  l>een 
found  from  calculation  to  be 
e^ual  in  feet  to  the  numbers  in- 
dicated in  the  figure.  They  may 
be  tabulated  as  follows: 


1522.4 


+375.0 


Error = 


-200.2' 


-175.0* 

-375.2' 
+375.0' 


499.7' 
1503* 


+650.6 


-0.2S.     and 


-300.0' 

-350.2^ 

-650.2' 
+  650.5' 

+0.3  £. 


Error  of  closure  «=V(0.2)2+  (0.3)2  «>/ai3 -0.36  g.E. 

Since  the  total  distance  around  the  polygon  is  1522.4,  the  error  of  closure 

is  ■    '     .  or  about  jooo-    Th^s  is  the  apvofent  error  of  the  field  work.    The 

reed  error  in  field  work  may  have  been  much  greater,  since  the  I4>parent 
error  includes  compensating  errors.  For  example,  a  north  latitude  which 
is  too  large  may  be  offset  by  a  south  latitude  which  is  also  too  large,  or  a 
west  departure  which  is  too  small  may  be  offset  by  an  east  departure  which 
is  also  too  small. 

The  direction  of  the  error  is  indicated  by  the  algebraic  signs.  Thus  in 
this  example  the  error  in  latitude  (  —  0.2)  and  the  error  in  departure  (+0.3) 
indicates  error  south  and  east,  i.e.,  0.36  southeast. 

Permieeible  error  of  closure,    (See  p.  160.) 
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442.  Each  Line  has  Two  Bearings,— Which  is  Used? 

In  computing  latitudes  and  departures  one  may  go  around  the 
polygon  in  either  direction,  but  the  bearings  used  must  all  be 
forward  bearings  for  the  direction  chosen, 

lUustraiion.  If  in  Fig.  441  one  goes  around  the  polygon  from  A  to  B 
to  C  to  D  to  At  the  bearings  used  are  those  noted  on  the  figiire  because 
they  are  all  forward  bearings  for  the  direction  chosen.  But  if  one  ^oes 
around  in  the  opposite  direction  (A  toDtoCtoBtoA),  the  bearmgs 
^ould  be  changed  so  that  they  all  will  be  forward  bearings  for  that  direc- 
tion, i.e.,  AD  =  N.  63°27'E.,  2)C  =  S.  57*»  E.,  CB  =  8.  39°  56' W.,  and 
B^=N.  68°  l(yW.  The  principal  thing  to  avoid,  therefore,  is  the  care- 
less use  of  a  back  bearing  in  place  of  a  forward  bearing.  For  example, 
suppose  that  in  E^/S*  ^^l  the  bearing  of  CD  had  been  put  down  S.  57*  E. 
instead  of  N.  57°  W.,  the  other  bearings  remaining  as  they  are  in  the  tigure. 
In  the  tabulated  form  the  latitude  of  CD  would  then  be  entered  in  the 
south  column  and  its  departure  in  the  east  column,  and  of  course  the  sur- 
vey would  not  clo8^?S^ 

443.  To  Compute  Latitudes  and  Departures,  Using 
Azimuths*  It  is  not  necessary  to  convert  azimuths  into  bear- 
ings. If  the  azimuths  are  measured  clockwise  from  the  north 
point  as  zero,  and  the  usual  trigonometric  rules  for  signs  are 
observed,  the  signs  of  the  trigonometric  functions  of  any  azi- 
muth will  agree  with  the  signs  of  the  corresponding  latitudes 
and  departures  as  given  on  p.  385.  Thus  the  N.E.  quadrant 
will  correspond  to  the  first  quadrant  in  trigonometry,  the  S.E. 
quadrant  the  second,  S.W.  the  third,  and  N.W.  the  fourth. 
This  is  the  principal  reason  for  reckoning  azimuths  from  N. 
instead  of  from  S.  (see  p.  114,  Art.  160  (6)). 

IttuttroHon.  In  Fig.  441  the  azimuth  of  DA  would  be  243°  27'.  The 
cosine  and  sine  of  24^  27'  are  both  minus,  hence  the  latitude  and  depar- 
ture of  DA  are  both  minus,  or  south  and  west  respectively.  The  student 
can  easily  satisfy  himself  in  regard  to  the  signs  in  the  other  quadrants  in 
a  similar  manner. 


444.  Different  Methods  of  Finding  Latitudes  and  De- 
partures, (a)  By  computation.  The  length  of  each  line  may 
be  multiplied  by  the  natural  cosine  and  sine  of  its  bearing,  but 
usually  it  is  quicker  to  work  with  logarithmic  tables.  System- 
atic forms  of  computation  facilitate  the  work  and  diminish 
chances  of  error.  A  complete  example,  showing  a  form  for 
logarithmic  work  and  a  method  of  tabulating  results,  is  given 
on  pages  393  and  394. 

Q})  Traverse  tables  are  simply  tables  of  natural  sines  and 
cosines  from  0°  to  90*^  multiplied  by  1,  2,  3,  etc.,  to  10,  and 
in  some  tables  to  100.  In  the  common  forms,  values  are  given 
for  every  quarter  degree,  but  such  tables  are  good  only  for 
rough  compass  surveys  and  work  of  a  similar  natiu^.    Tables 


388  LATITUDES  AND  DEPARTURES 

such  as  those  of  Boileau  giving  values  for  every  minute  of 
arc,  are  exceedingly  useful.  In  finding  the  latitude  and  de- 
parture of  any  length  expressed  by  several  figures,  the  latitude 
and  departure  for  each  digit  is  read  from  the  table  (using  the 
given  bearing),  and  brought  to  the  correct  value  by  moving 
the  decimal  point.    The  several  quantities  are  then  added. 

Ittuatration.  The  following  line  of  values  is  taken  from  a  traverse  taWe. 
Only  half  a  line  is  shown;  the  other  half  is  usually  given  on  the  opposite 
page. 

12  3  4  5 

Lat.  Dep.  Lat.  Dep.  Lat.  Dep.  Lat.  Dep.  Lat.  Dep. 
30^0.866  0.500  1.732  1.000  2.598  1.500  3.464  2.000  4.330  2.500 
Suppose  that  a  line  is  N.  30°  E.  and  its  length  is  4  ft.;  then  its  latitude 
is  3.464  and  its  departure  is  2.000.  If  the  line  is  40  ft.  instead  of  4  ft., 
the  two  values  are  34.64  and  20  ft.;  if  400  ft.  long  the  values  are  346.4 
and  200.0  ft.,  and  so  on. 

Let  it  be  required  to  find  the  latitudes  and  departures  of  the  two  lines 
AB  and  CD,  whose  lengths  and  bearings  are  given  below. 

AB  CD 

L'gth  =  542.3  ft.,  Bearing  =  N.  30°  W.     L*gth  =  503.1  ft.,  Bearing =S.  30°  W 
Latitude  Departure  Latitude         Departure 

433.0  250.0  433.0  250.0 

34.64  20.0  00.0  00.0 

1.732  1.0  2.598  1.5 

.26  .15  .086  .05 


469.63  N.  271.15  W.  435.68  S.  251.55  W. 

Remark.  When  a  zero  occurs  in  a  number,  instead  of  inserting  the  zeros, 
as  shown  above,  move  the  next  number  over  two  places.  A  natural  mis- 
take which  might  be  made  in  the  second  illustration  is  that  of  putting 
down  0.8  instead  of  0.08  and  0.5  instead  of  0.05  for  the  latitudes  and  de- 
partures, respectively,  of  the  digit  1  in  the  quantity  503.1. 

(c)  Trigonometer,  A  device  for  finding  graphically  the  lati- 
tude and  departure  of  any  line.  A  diagram  is  constructed  on 
regular  crossnsection  paper,  or  squares  may  be  ruled  to  any 
desired  scale.  From  the  lower  left-hand  comer  of  the  diagram 
as  an  origin,  distances  are  numbered  along  the  horizontal  and 
vertical  edges.  A  revolving  arm,  pivoted  at  this  origin,  has  a 
straight-edge,  which  if  produced  would  pass  through  the  origin. 
This  straight-edge  is  graduated  to  correspond  to  the  scale  of 
the  cross-section  paper.  The  upper  and  right-hand  edges  of 
the  diagram  are  marked  to  correspond  to  degrees  and  fractions 
of  degrees,  with  the  origin  as  a  center.  By  means  of  this 
angular  graduation  the  revolving  straight-edge  is  set  to  the 
bearing  of  the  given  line,  the  length  of  the  line  is  noted  on  the 
straight-edge,  and  the  corresponding  latitudes  and  departures 
are  read  from  the  cross-section  scale.  If  azimuths  are  used 
instead  of  bearings  the  numbering  of  angles  should  be  con. 
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tinued  up  to  360*'.  This  instrument  is  useful  in  rough  deter- 
minations, such  for  example  as  those  needed  in  plotting  to  a 
EDXiall  scale,  but  of  course  the  degree  of  precision  which  can 
be  attained  is  far  less  than  that  obtained  by  computation. 

445.  A  Complete  Example  in  the  Computation  of  Lati« 
tudes  and  Departures.  The  computations  on  pages  390  tq 
394  illustrate  every  step  in  finding  the  co-ordinates  for  plotting 
by  the  method  of  latitudes  and  departurea. 

(1)  A  TQUgh  sketch  of  the  transit  linev  was  drawn  (p.  390);  angles  and 
distancea  taken  from  the  field  notes  were  copied  on  this  sketch  and  checked 
by  again  comparing  with  the  field  notes. 

(2)  Angles  were  adjusted  so  that  the  sum  of  the  interior  angles  in  each 
poiyson  would  be  correct.  (See  p.  110.)  The  error  was  not  distributeq 
equailly  Iq  this  ease,  as  there  were  certain  checks  on  some  of  the  angles, 
wnile  on  others  there  were  no  checks.  Where  adjusted  values  differeq 
(rom  the  original  values  the  latter  were  crossed  out  and  the  adjusted  valuef 
written  in  red  ink. 

(3)  The  field  notes  gave  the  angle  between  Polaris  at  its  eastern  elonga* 
tion  and  the  line  F  7  as  63*'  25'  (see  p.  390),  hence  the  true  bearing  at  YV 
was  63°  25'  + 1°  37'  =  N.  65'  02'  E. 

(4)  Starting  with  FF  =  N.  65°  02'  E.  the  bearings  of  all  the  other  linef 
were  calculated  from  the  adjusted  values  of  the  angles.  The  form  shown  on 
p.  391  is  not  Quite  so  compact  as  that  given  on  p.  382,  and  there  are  other 
minor  changes,  but  the  method  is  the  same  as  that  explained  in  the  precede 
ipg  chapter.  The  student  is  advised  to  follow  closely  the  form  on  p.  383 
instead  of  that  on  p.  391. 

Remark.  In  many  surveys  no  observations  are  taken  to  determine  the 
true  meridian.  In  that  case  the  magnetic  bearing  of  any  line  which  i« 
thought  to  be  correct  may  be  assumed  to  start  with,  or  this  magnetic  bear» 
ing  may  be  changed  to  a  true  bearing  if  the  declination  is  known.  So 
far  as  plotting  is  concerned,  it  makes  no  difference  what  value  is  takeq 
for  the  bearing  of  the  first  line;  an  absolutely  fictitious  bearing  may  b^ 
i^sed,  provided  the  bearings  of  all  other  lines  are  computed  from  the  travt 
erse  angles.  The  relative  positions  of  all  points  on  the  map  will  be  correct, 
and  this  in  many  cases  is  all  that  is  reouired. 

(5)  Another  rough  sketch  was  i4ade  of  the  transit  lines  (see  p.  392), 
and  the  length  and  the  calculated  bearing  marked  along  each  line. 

(6)  Latitudes  and  departures  were  computed  by  logarithms  (see  p.  393). 
The  data  from  the  sketch  on  p.  392  were  entered  in  the  fiirst  column  a^ 
Miown,  then  all  the  log.  sines  and  cosines  were  looked  up,  then  all  the  loga- 
ifthms  of  the  lengths,  then  the  additions  were  performed  and  finally  the 
latitudes  and  departures  were  ascertained  from  corresponding  logarithms. 
In  this  way  like  operations  were  grouped  to  save  time.  (See  p.  374  for 
other  suggestions  for  the  use  of  logarithms.) 

(7)  The  results  obtained  in  (6)  were  tabulated  in  the  first  seven  col-, 
tpnns  on  p.  394.  The  errors  are  found  to  be  0.02  and  0.14  ft,  fgr  latitudes 
and  departures  respectively. 

(8)  The  last  step  was  to  compute  and  tabulate  the  last  three  columns 
(p.  394)  for  ptuposes  of  plotting  as  explained  on  p.  472. 

Checks.     Jf  the  errors  in  (7)  are  found  to  be  very  large,  apply  two  checks: 

il)  Compare  each  latitude  and  each  departure  with  the  first  and  last 
etters,  respectively,  of  the  bearing  of  the  corresponding  line  to  see  if  each 
has  been  entered  in  the  proper  column,  N.  or  S.  and  E.  or  W. 

(2)  See  if  a  latitude  and  a  departure  have  not  been  interchanged,  the 
latitude  being  put  in  a  departure  column  and  vice  versa.  To  do  this  notice 
i|  the  bearing  of  each  course  is  greater  or  less  than  45°;  if  it  is  greater, 
the  departure  should  be  greater  than  the  latitude,  otherwise  it  should  be 
1^.     (See  an  article  by  Mr.  Gould,  p.  397.) 

(3)  If  no  mistakes  are  discovered  in  (I)  and  (2),  make  sure  that  the 
data  were  copied  correctly  and  go  over  the  computations  again.  One 
can  often  tell  from  inspection  which  latitude  and  departure  is  most  likely 
to  be  incorrect*  and  therefore  which  computation  to  check  first. 
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Angles  and  Distancesr-  Main  Trans/ f  Lines 
Acfjustecf  i/alues  in  red  in(<. 


3^" 


•</o 


8^23' 
I26°24' 

540'' 00' 


47Vr 

59^6'    /^  "^ 

i80''00'\^y£eiongaf/on 
/26''24'^^f''^7' 

//r^7'»5i! 


P3^  3 


V>)^ 


i\/ot  drayi/n  to  scale 
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Calculations  for  Bear/nas 

Outside  Lines 

Outsiae  Lines 

Eionqation  rs?' 

SR     ==    N32''03'\/\/'- 

Polaris 

ez'^zs' 

ffST=      /22''S8'    -h 

YV    = 

N  65''02'E  +  (S.W) 

OO^SS'    -h 

YVW  = 

99^*52'    + 

ISO"  0'    - 

^I64''5^'    + 

ST    =    SSQ^OS^E  '(N,W) 

/SO''  0'    - 

STU  =      / 79^43'    -h 

vw  = 

AZ/S'^Oe'^-fSE.) 

90^^38'   + 

VWN^ 

225*^56'     -h 

/SO'' 0'    - 

2I0''30'     + 

Tl/   ==    S89''22'E  -fMM) 

/do"  0'    - 

TUI/=     /os''2r   -h 

WN    = 

Ai  ZO^ZO'E  -f  (SW.) 

Ul/  =    N  /5''59'E+(sm) 

WNO  = 

47V r    -h 

U\/W^      I48''55'    -f- 

NO     = 

S  77%rw  +  (ME) 

164'* 54'    -*• 

NOP  = 

I80''23'    •/• 

ISO"  0'    - 

258''04'    -t 

rChec/r)--^ 

OP     = 

180''  0'     - 
5  78''0A-'W-^(N.E,) 

Inside  Lines 

OPQ   = 

I00''49'    -h 

TS    =    NSQ^'OS'I^' 

I78''53'     -f 

STY  =        57*'/4'     ^ 

ISO''  0'     - 

TV    =    A/  /"S/'W  -(SE) 

PQ     = 

s  /""orE'lMi/ifl 

TVy  =       //3''07'    - 

PQR  = 

180%!'     + 

//4''58'     - 

179^*34'    + 

YV     ^  N  65''02'E  + 

ISO''  0'     - 

VYV\/=        30^22'    - 

QR     = 

5  0^*26^  -(N.W) 

YW    =    N34''40'E  + 

QRS    = 

I48''2Z'    + 

tVKi?  =      126^*24'     - 

147'' 57'    -*-' 

^7*^44'     - 

ISO"  0'     - 

/a^"*  ^'    -^ 

RS      = 

$32''0S£  - 

K(?  «s  sa^/s'i^z-h 
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True  Bearings.  -  Main  Transit  Lines 

Bearing  of  one  line  (YV),  fount/  from  an 

obsen^ation  on  Polaris           cr/'^niL-— f 

P          srayj^y ^<C'^^^^^j£f 

/ 

^1              '^yL\N 

^j               /  w 

li! 

^                                                  ^'                          rAX^        ^V^o 

^'               ^1      i%r     tte 

to 

1    A:     i89iVn"^ 

Oi 

409.46                   L^l-Hi^^f       / 

/^88°/6£           Y\                                      1 

^             \           1 

^o    ^                                                           I                                                        / 

«V4    ^.                                                                      \                                                                  / 

°^?                                                                        / 

^  ^                                     \                                 1. 

1                                    ^1                               /^ 

R  k                               r-n                     ^n 

\                               ^l^                     c2/«> 

\                                              o   l»n                               Si/io 

\                              ""W                     '^^/^ 

\                            ^1                          /^ 

uA^v                                 I                              / 

«A^                           I                        / 

^X^P                                 1                              / 

#-                    / 

A              1            / 

\ ?94,7g         \       322.4       I 

s    Saros-E     T   sas'BsE'^U 

//of  efrayy/?  to  sca/e,                                                                 1 
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Calculatf 
Ouantify 
S  I^^OTE 

on  of  id 
Departure 

yfitude  a 
Log.  Sin 
8.28977 

nd  Depa 
Log.  Cos 
999992 

rtures. 
Latitude 

624,34 
P0  = 

12.17 

2.79542 

2.  79542 
2.79534 

624.23 

/.085I9 

S  0''26'E 

7.87870 

9.99999 

218,66 

2.33977 

2.33977 

QR^ 

1.65 

0.21847 

2.33976 

2/8.65 

S32''02'£ 

9.724-82 

9.928/8 

239.45 

2.37922 

2.37922 

RS  = 

127.07 

2.10404 

2.30740 

202.95 

SQ9''05'E 

9.99994 

8.20407 

294.76 

2.46946 

2.46946 

ST^ 

29472 

2.46940 

0.67353 

4.72 

seQ^'te'E 

9.99997 

8.04350 

322.4 

, 

2.50840 

2.50840 

ru^ 

322.38 

2.50837 

055190 

3.56 

NIS'^aQt 

9.43990 

9.98288 

^19.00 

2.85673 

2.85673 

uv^ 

197.98 

2.29663 

2.8396/ 

69/.22 

NI5^06'W 

9.4/582 

9.98474 

3903 

2.59/40 

2.59/40 

VW^ 

101.68 

200722 

2.576/4 

376.32 

N30''30'E 

9.  70547 

9.93532 

224.0 

2.35025 

2.35025 

WN=^ 

113.69 

2.05572 

2.28557 

/  93.00 

S77%l'lV 

9.98989 

9.32902 

353.3 

2.548/4 

2.548/4 

NO^ 

345.17 

2.53803 

7.877/6 

7536 

5  78°04W 

9.9905/ 

9.3/549 

636.43 

2  80375 

2.80375 

OP^ 

622.67 

2.79426 

2.// 924 

/3L  59 

%. 
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1 
1 

00   <>i    ^   ^ 

^    ho    ^    00   -^ 

m  Si  *=>• 

0>   00  o>   ^ 

<S^ 

1 

si 

1 

Oi   00   «o   ^ 

iiil 

1       1       1      1 

^  ^  5  ^  ^ 

CVJ    N<    ^    >^    C^ 
>0    ^    ^    fv)    ^ 

ir>        CVJ  I^f 
1    +   +    t 

i 

1 

Or 

Q:  c/)  K  ^ 

i^  k  ^  ^  Q. 

1 
1 

1 

Is 

1 

•k 

1 

Si 

x:  K  ^  cvj 
cVi  o\  <vi 

^    CVJ    IV) 

2?       f^ 

Ov           vo 

^    5' 

^0    »* 

1 

1 

V 

1 

1 

^ 
1 

lo  *A  CM  «o 

5  ch  k:  u> 

oj  ^  ^  ro 
cvi  cvi 

1^^ 

1 

CVI   <vi 

1 

^  ho  <: 

5^ 

1 

si 

CVI    C\J    C\i    K^ 

^  ro  ^  ho  ^ 
oi  ^  S**  1^  JS   * 

x!    o^    CVJ    lo   J^ 

N.  ro  CVJ  ro  ^ 

1 

1 

J*4  liJ  i*J  .kj  kj 
f^  ^  IX}  iQ  «vj 

,^    0^    0^    g    0^ 

-  ^  5^  5  § 

^    0>   iO    0)   V) 

!m  .^  i*J  .^  .^ 

OS  Vj  ci  -^  :^ 

0^   0^    0^   0^   o^ 

^  ^    ^  lO  v> 

•1 

? 

^    52    *^    f^ 

Or  Q:  Co  K 

\   ^    ^   $  0. 

::i  :i^  k  ^  ^ 

c\i  «o 


CVj   00 


I 


Cij   •^      ^ 

I     I     *^ 

^5 


I 


-I 

-I 


to     IS 

5i   J? 

-I 
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446.  Balancing  a  Survey  means  making  such  corrections 
that  the  siun  of  the  north  latitudes  shall  equal  the  sum  of  the 
south  latitudes,  and  the  sum  of  the  east  departures  shall  equal 
the  sum  of  the  west  departures.  This  applies,  of  coiu*se,  only 
when  the  survey  forms  a  closed  polygon.  In  such  a  case  there 
is  practically  always  some  error  of  closure,  but  it  does  not  fol- 
low that  this  error  must  always  be  corrected.  Thus,  for  exam- 
ple, on  page  394,  the  errors  of  0.02  ft.  in  latitude  and  0.14  ft. 
in  departure  may  be  entirely  ignored  so  far  as  plotting  is  con- 
cerned. This  is  usually  the  case,  for  if  the  error  of  closure  is 
large  enough  to  be  appreciable  in  plotting  it  usually  exceeds 
the  permissible  error,  and  measurements  have  to  be  corrected 
in  the  field.  Hence  it  is  seldom  necessary  to  balance  a  survey 
for  purposes  of  plotting.  When,  on  the  other  hand,  the  data 
are  to  be  used  for  other  purposes,  as,  for  example,  in  describing 
boimdaries  of  land,  it  may  be  necessary  to  distribute  the  errors 
so  that  the  polygon  described  shall  be  a  closed  figure. 

447.  Two  Methods  of  Balancing  a  Survey.  (1)  When  all 
measiu^ments  have  been  made  with  the  same  degree  of  precis- 
ion, the  errors  may  be  distributed  among  the  sides  of  the  poly- 
gon in  proportion  to  their  respective  lengths.  (2)  When  some 
measurements  have  been  made  with  a  greater  degree  of  pre- 
cision than  others,  the  less  accurate  measurements  should  be 
given  the  larger  corrections. 

(a)  First  Method.    The  following  proportions  are  used: 

El        Total  error  in  latitude    _  Error  in  latitude  of  one  side  _  ej 
P      Total  length  of  perimeter""         Length  of  that  side         "  «* 
E4     Total  error  in  departure      Error  in  departure  of  one  side     64 
P '~  Total  length  of  perimeter  Length  of  that  side         ~  7 ' 

Tp.  JPj. 

««=pX«     and     eA=-pXs. 

It  is  not  worth  while  to  split  hairs — ^the  corrections  can 
usually   be   made    mentally.    Thus   approximate    values   are 

found  for  -p-   and  -5-  once  for  all  and  these  multiplied  by  the 

lengths  of  the  different  sides  in  succession.  Corrections  should 
be  subtracted  from  numbers  in  a  column  where  the  sum  is  too 
large  and  added  to  numbers  in  a  column  where  the  siun  is  too 
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Illustration.     Let  it  be  required  to  distribute  the  errors  of  —0.2  id  btti- 
tudd  and  +0.3  in  departure  on  p.  386. 


^l        0.2           1 

P  "1522.4  "7600 

Ed       0.3           1 
P     1522.4^5000 

^^     ^8>^7^-^-^ 
BC     234X    •*    =0.03 
CD     357  X    ••    =0.05 
DA     391 X    •*    =0.06 

234 X    "    =0.04 
357  X    **    =0.07 
391 X    ••    =0.08 

0.20  0.30 

The  sums  of  the  corrections  equal  0.2  and  0.3  respectively.  In  this 
example  (p.  386)  the  sum  of  the  south  latitudes  exceeds  the  sum  of  the 
north  latitudes,  hence  subtract  0.07  and  0.05  from  200.2  and  176  respee^ 
tively,  but  add  0.03  and  0.05  to  180.1  and  194.9  respectively.  The  west 
departures  exceed  the  east  departures,  hence  subtract  0.11  and  0.04  from 
499.7  and  160.8  respectively,  but  add  0.07  and  0.08  to  300.0  and  360.3 
fespeotively.  The  corrected  latitudes  and  departures  may  be  written  in 
the  table  in  red  ink  directly  over  the  original  corresponding  values. 

Note.  Correcting  the  latitude  and  departure  of  a  line  is  equivalent  to 
changing  the  two  short  legs  of  a  right  triangle*  hence,  to  be  strictly  con^* 
sistent,  the  line  itself  (or  hypothenuse)  should  be  changed  to  correspond* 
i.e.,  a  new  bearing  and  a  new  length  should  be  found  which  correspond  to 
the  corrected  latitude  and  departure.  This  is  often  a  needless  refine- 
ment, but  when  it  is  necessary  it  can  be  done  easily  by  simply  reversing 
the  trigonometric  method  used  in  finding  latitudes  and  departures.  (Bee 
also  p.  400.) 

(6)  Another  method  is  given  by  Mr.  Llano  (Enffineerina  News,  Nov.  23, 
1899,  and  Jan.  18,  1900).  Let  5  =  the  corrected  length  of  any  side,  L^un" 
corrected  latitude,  D  =  uncorrected  departure,  and  «,  Mi,  Edt  and  P  same 
as  on  p.  395. 

El       E^ 
5 = « — -p-L — -5-Z>  (formula  for  correcting  lengths) . 

Let  jB  =  the  uncorrected  bearing  of  any  side  and  Ch  the  correction  in 
minutes  to  be  applied  to  this  bearing;   then 
/t  l"l  Ea  \ 

^6  » 3400  (-5- sin  B--p- cos  B)   (formula  for  correcting  bearings). 

El  Ed 

The  quantities  -p   and  -p-  having  already  been  worked  out,  the  extta 

work  involved  is  small.     Use  natural  functions  in  the  last  formula. 

(c)  Second  method  op  balancing  a  survey*  This  con* 
sists  in  distributing  the  errors  where  it  is  most  likely  that 
errors  in  field  work  were  made.  On  the  whole  this  method  is 
often  preferable  to  the  preceding  method.  In  using  it  the 
following  points  should  be  kept  in  mind. 

(1)  Measurements  made  imder  the  most  unfavorable  condi- 
tions may  be  given  the  greatest  corrections.  Thus,  for  exam- 
ple, linear  measurements  on  steep  slopes,  of  over  other  ground 
unfavorable  for  chaining,  are  more  likely  to  be  too  long  than 
if  made  imder  favorable  conditions. 

(2)  All  linear  measurements  are  likely  to  be  too  long  pro- 
vided the  length  of  the  tape  is  not  longer  than  it  should  be, 
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hence  in  making  corrections  it  is  better,  as  a  rule,  to  decrease 
distances  than  to  increase  them,  i.e.,  it  is  better  to  subtract 
from  the  latitudes  and  departures  in  the  colunms  whose  sums 
are  the  greater  than  to  add  to  latitudes  and  departures  in 
columns  whose  sums  are  the  smaller. 

(3)  A  sUght  change  in  the  bearing  of  a  long  line  will  affect 
the  latitudes  and  departures  more  than  the  same  change  in 
a  short  Une. 

(4)  If  a  line  is  nearly  north  and  south,  a  sHght  change  in  its 
bearing  will  change  its  departure  without  greatly  affecting  its 
latitude,  while  a  slight  change  in  its  length  will  change  its  lati- 
tude without  greatly  affecting  its  departure.  Likewise,  if  a  line 
is  nearly  east  and  west  a  change  in  its  bearing  affects  its  lati- 
tude, while  a  change  in  its  length  affects  its  departure. 

{d)  In  an  article  by  Mr.  E.  Sherman  Gould  (Engineering 
News,  Jan.  4,  1900)  some  excellent  suggestions  are  given  as 
follows: 

The  error  of  closure  must  be  due  either  to  a  mistake  in  calculating  the 
traverse  or  to  an  error  in  field  work. 

To  detect  it,  the  traverse  must  be  first  examined.  We  assume  that  the 
courses  have  been  called  back  so  that  there  is  no  error  in  copying,  also 
that  the  taking  out  of  sines  and  cosines  and  multiplications  have  been 
checked,  so  that  there  is  no  error  there.  We  also  assume  that  before  the 
columns  were  footed  up  care  was  taken  to  see  that  all  entries  were  made 
in  the  proper  columns.  In  this  connection  it  may  also  be  stated  that  it 
will  be  found  conducive  to  accuracy  to  head  the  columns  of  Latitudes  *'N" 
and  "S",  and  those  of  Departures  'E"  and  "W",  rather  than  +  and  — . 
It  is  then  very  easy  to  see  if  any  mistakes  have  been  made  in  putting  the 
latitudes  and  departures  in  the  wrong- column.  To  see  if  they  have  not 
been  interchanged,  that  is,  latitude  placed  in  the  departure  column,  or 
vice  versa,  observe  if  the  bearing  of  each  course  has  more  or  less  than  45* 
of  departure.  If  it  has  more  the  departure  is  greater  than  the  latitude; 
if  it  has  less  the  latitude  is  the  greater.  Thus,  suppose  the  bearing  to  be 
N.  36**  24'  E.  and  the  distance  463  ft.  The  sine  and  cosine  of  this  angle 
are,  respectively,  0.59342  and  0.80489.  Multiplying  both  by  the  distance 
gives  274.753  and  372.664.  A  glance  shows  that  the  latter  must  be  the 
bttitude  and  the  former  the  departure. 

If  all  this  is  correct,  then  without  a  shadow  of  a  doubt  the  error,  if  a 
considerable  one.  is  in  the  chaining.  If  numbered  stakes  have  been  driven 
every  hundred  feet,  and  leveled  over  as  in  the  case  of  a  railroad  line,  there 
will  be  no  mistake  in  the  fuU  stations,  because  the  leveling  party  would 
detect  and  report  it.  The  chief  source  of  error  is  in  the  pluses,  and  these 
errors  are  commonly  made,  if  at  all,  by  reading  the  cham  backward,  for 
instance,  taking  64  ft.  for  36.  The  distances  used  in  the  traverse  must 
be  then  carefully  examined  to  see  if  such  a  change,  or  any  change  in  fact, 
in  one  or  more  distances  would  reduce  the  error  to  limits  of  normal  in- 
accuracy. By  diligent  scrutiny  such  an  error  is  sure  to  be  detected  by 
an  expert  eye,  ana  then  a  couple  of  trustworthy  chainmen  are  sent  out 
to  verify  the  suspected  measurement,  not  informing  them,  of  course,  of 
what  the  error  is  suspected  to  be.  In  almost  all  cases  a  resurvey  can  be 
avoided  by  an  intelligent  guess  at  the  point  where  the  mistake  was  prob- 
ably made.  Undoubtedly  a  great  deal  of  unnecessary  work  is  frequently 
sone  through  with  in  such  cases  merely  for  the  lack  of  a  little  reflection. 

All  actual  blunders  or  "busts"  being  thus  eliminated,  there  will  still 
remain  some  discrepancies  between  the  Northings  and  the  Southings  and 
Eastings  and  Westings,  unless  by  pure  chance  they  should  happen  to 
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balance.  .  .  .  The  practice  of  the  old  land  surveyors,  when  given  a  Survey 
to  locate  from  a  description,  was  to  first  work  out  a  traverse  for  it,  whicE 
as  a  matter  of  course  never  closed,  and  then  retain  all  the  courses  and 
distances  intact  till  the  last  one  was  reached.  A  closing  course  and  dis- 
tance was  then  calculated  and  the  area  of  the  survey  determined  accord- 
ingly. This,  I  believe,  is  the  legal  way  of  treating  a  survey  which  does 
not  close,  unless  some  metes  and  bounds  are  cited  which  conflict.  It  is, 
however,  awkward  when  the  last  course  is  a  course  of  an  adjoining  tract, 
particularly  if  of  an  earlier  date. 

I  believe  the  best  way  to  balance  such  a  survey  as  we  have  been  con- 
sidering, that  is,  one  in  which  there  can  be  found  no  absolute  mistake, 
and  only  a  slight  discrepancy  remains  to  be  eliminated,  is  to  go  very  care- 
fully over  the  traverse  and  see  to  what  changes  of  disiance  it  will  respond 
most  sensitively.  For  instance,  supposing  that  in  a  large  survey  of  several 
hundred  acres  the  North  latitudes  exceeded  the  South  by  a  few  feet,  and 
the  East  departures  were  less  than  the  West  by  a  somewhat  smaller  dis- 
crepancy. In  the  first  place  we  would  look  to  see  if  this  difference  was 
about  in  the  right  proportion;  that  is  to  .say,  if  the  total  latitudes  were 
^eater  than  the  total  departures,  then  the  difference  between  the  North- 
mgs  and  Southings  should  be  greater  than  between  Eastings  and  Westines, 
and  the  fact  of  their  being  so  would  give  us  additional  confidence  that  the 
errors  were  simply  due  to  ordinary  small  inaccuracies,  although  this  evi- 
dence would  not  be  conclusive  either  way.  We  would  then  see  what 
courses,  if  any,  ran  nearly  North  and  South.  It  is  clear  that  by  lengthen- 
ing and  shortening  these  by  a  small  amount  we  would  make  a  great 
impression  on  the  latitudes.  And  the  same  in  reference  to  the  departures. 
On  the  other  hand,  the  change  of  a  single  minute  in  the  bearing  of  a  long 
course  running  nearly  North  and  South  will  make  a  great  change; in  the 
departure.  In  a  word,  by  an  intelligent  study  of  the  traverse  all  minor 
discrepancies  can  be  eliminated  with  a  small  number  of  chang*?^  when 
placed  where  they  do  the  most  good,  and  this  method  will  provo  the  most 
satisfactory  in  practice. 


CHAPTER  XXXII 

CALCULATION  OF  OMITTED  MEASUREMENTS 

When  all  the  angles  and  sides  of  a  polygon  are  known  except  two,  those 
two  can  be  found  by  calculation.  In  that  case,  however,  it  is  necessary 
to  assume  the  measurements  actually  taken  in  the  field  as  correct, — there 
can  be  no  check  on  the  field  work,  nor  can  the  survey  be  balanced.  Hence 
the  importance  of  taking  closing  angles  and  distances  notwithstanding  the 
fact  that  they  can  be  calculated  if  omitted.  There  are  times,  however, 
when  because  of  some  oversight  or  because  of  obstacles  to  field  work  it 
becomes  necessary  to  compute  omitted  measurements.  Methods  for  doing 
this  are  outlined  m  this  chapter. 


448.  Omitted  Parts  of  a  Triangle.  The  most  general  case 
is  that  of  the  oblique  triangle.  If  any  three  parts,  including  at 
least  one  side,  are  known  the  remaining  three  may  be  found  by 
trigonometrical  methods,  which  need  not  be  explained  here. 
The  case,  however,  in  which  one  side  and  the  two  adjacent 
angles  are  known  arises  so  often  in  triangulation  that  sugges- 
tions are  given  below  for  the  order  and  arrangement  of  the  work. 

(a)  Computations  for  triangulation.  (1)  Find  the  most  prob- 
able value  of  the  base-line  and  adjust  the  angles  in  each  tri- 
angle of  the  triangulation  net  so  that  the  siun  will  be  180°. 
(2)  Make  out  a  form  similar  to  one  of  the  two  given  below, 
leaving  spaces  for  logarithms  and  results.  (3)  When  the  form 
is  completed,  and  not  before,  look  up  the  logarithms.  (4)  Using 
the  computed  length  of  a  side  as  a  base,  solve  each  of  the  tri- 
angles of  the  triangulation  net  in  a  similar  manner. 

(b)  JUustratum.    Given    a-416.32    ft..    ^-64»18'.    B«58*»  40',    and 

C-Sr  02'.  , 

To  find  b  To  find  c  Check 

.  ^  o  sinB  g  sin  C  .     c  sin  B 

sin  A  sin  A  ~~  sin  C 

log  a  »"  log  a  «=  log  c  = 

log  sin  B  «  log  sin  C  =■  log  sin  B  = 

oolog  sin  A  —  colog  sin  A  =  colog  sin  C  =» 


log  6—  logc=»  log  6  = 

399 
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A  check  which  is  longer  but  more  sure  than  that  given  above  is  to  find 
6  from  the  formula  rr"""..^"  f/p7  a\'  This  check  is  quite  certain  to 
reveal  mistakes  if  any  have  been  made. 

(c)  Remark.  In  triangulation,  one  side  of  the  triangle  farthest  from  the 
base  may  be  measured,  and  an  agreement  between  its  measured  and  its 
calcuIatcKi  length  is  a  check  on  the  calculated  sides  of  all  the  triangles  in 
between. 

id)  The  following  form  is  more  compact  than  that  given  on  page  399. 

(1)  log  sin  C  = 

(2)  loga  = 

(3)  colog  sin  A  =*  Add    the   logarithms    in 

(4)  log  sin  B »  the  order  indicated  to  get 

results  (5)  and  (7). 

(5)  logc-  (l)  +  (2)  +  (3) 

(6)  colog  sin  C  = 

(7)  log  6  -  (2)  4-  (3)  +  (4)  =  (4)  +  (5)  +  (6)  (check). 

(«)  Remark.  Various  formulas  for  the  solution  of  oblique  triangles  are 
given  in  the  back  of  this  book.  While  the  use  of  these  formulas  usually 
shortens  the  work  of  computation,  attention  is  called  to  the  fact  that  any 
oblique  triangle  can  be  divided  into  two  right-angled  triangles  by  dropping 
a  perpendicular  from  one  vertex  to  the  opposite  side  and  the  required 
parts  found  by  solving  these  two  right-angled  triangles.  Whatever  solu- 
tion  is  used,  prepare  a  form  before  looking  up  the  logarithms. 

449.  Trigonometric  Relations  of  Bearing,  Length,  Lat- 
itude, and  Departure.  The  latitude  and  departure  of  any  line 
form  two  sides  of  a  right-angled  triangle  in  which  the  line  itself 
is  the  hypothenuse.  One  angle  in  this  triangle  is  the  bearing 
of  the  line,  i.e.,  the  angle  between  the  hypothenuse  and  the 
latitude.  Any  two  parts  of  this  triangle,  including  at  least  one 
side,  being  known  the  other  two  can  be  found  by  trigonometry. 

GIVEN  REQUmSD  FORMULA 

(a)  Bearing  and  Length    Latitude      ^  Length  X  Cos,  Bearing 

(b)  Bearing  and  Length    Departure    «=  Length  X  Sin,  Bearing 

(c)  Latitude  and  Dep,       Tan,  Bear,  =  Depart,  -?-  Latitude 

id)  Latitude  and  Bearing  Length  =  Lot*  -^  Cos.  Bearing 
e)  Departure  and  Bear,  Length  =Dep,  -i- Sin,  Bearing 
(J)   Latitude  arid  Length    Cos.  Bear,    —  Lai.       -^  Length 

ig)  Depart,  and  Length     Sin,  Bear,    =Dep,      -r- Length 

(h)  Lat  and  Departure     Length=  V (Latitude)^  +  (Departure)^ 

450.  Omitted  Measurements,  (a)  There  are  no  omitted 
measurements  in  any  polygon  when  the  bearing  and  length  of 
each  side  is  known.  When  the  exterior  or  interior  angles  are 
given  in  place  of  the  bearings,  and  the  bearing  of  one  side  is 
known  (or  assumed  for  purposes  of  calculation)  the  bearings  of 
all  the  other  sides  can  easily  be  found  by  calculation  (Chapter 
XXX).  When  not  more  than  two  bearings,  or  two  lengths  or 
one  length  and  one  bearing;  are  omitted  the  missing  parts  may 
be  calculated.  This  applies  of  course  only  to  closed  polygons. 
When  there  are  three  or  more  missing  parts  they  cannot  be 
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calculated.    Missing  parts  are  understood  to  mean  bearings  or 
lengths  or  both. 

There  are  four  general  cases,  as  follows: 

I.  (a)  When  the  bearing  of  one  side  is  omitted. 
(6)  When  the  length  of  one  side  is  omitted. 

(c)  When  the  bearing  and  the  length  of  one  siUe  are  omitted. 

II.  When  the  bearing  of  one  side  and  the  length  of  another 
side  are  omitted. 

III.  When  the  lengths  of  two  sides  are  omitted. 

IV.  When  the  bearings  of  two  sides  are  omitted. 

Remark.  When  two  unknown  sides  are  parallel,  Case  HI  is  indeter- 
minate unless  the  area  is  known.  Cases  II  and  IV  are  also  indeterminate 
unless  it  is  known  which  of  two  angles  that  correspond  to  a  given  sine  or 
cosine  is  the  right  one  to  use. 

Notice  that  in  Case  I  only  one  side  of  the  polygon  is  affected. 
This  is  the  simplest  and  most  common  case,  and  the  solution  of 
each  of  the  other  three  cases  involves  the  general  method  used 
in  Case  I.  This  method  consists  simply  in  computing  and 
tabulating  the  latitudes  and  departures  by  the  method  of  the 
preceding  chapter  just  as  if  no  side  were  missing.  Of  course, 
the  survey  will  not  balance,  the  error  of  closure  (p.  386)  being 
veiy  large,  i.e.,  equal  to  the  required  side.  Hence  the  dis- 
crepancy between  the  sums  of  the  north  and  south  latitudes 
will  be  the  latitude  of  the  missing  side,  and  the  discrepancy 
between  the  sums  of  the  east  and  west  departures  will  be  its 
departure.  Two  sides  of  a  right  triangle  being  known  its 
hypothenuse  (the  required  side)  is  easily  found. 

451.  Methods  of  Calculation  for  each  of  the  four  cases  are 

outlined  in  succeeding  articles. 

Caviion,  Before  beginning  calculations  make  sure  that  the  given  bear- 
ings are  either  all  forward  bearings  or  ail  back  bearings. 

(a)  Case  I 

WHEN  THE  BEARING  OF  ONE   SIDE   OR  THE    LENGTH  OF  ONE  SIDE 
IS   OMITTED,   OR  WHEN  BOTH  ARE   OMITTED 

(1)  Calculate  and  tabulate  the  latitudes  and  departures  of  the 
given  sides  (Chapter  XXXI). 

(2)  Find  the  difference  of  the  sums  of  the  north  and  south 
latitude,  and  the  difference  of  the  sums  of  the  east  and  west 
departures;  these  two  differences  are  the  latitude  and  departure 
respectively  of  the  omitted  side. 

(3)  From  the  latitude  and  departure  thus  found  calculate  the 
omitted  bearing  or  the  omitted  length,  or  both. 
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Remark,    The  choicjB  of  several  trigonometric  formulas  may  be  had. 

Question.  What  determines  the  quadrant  of 
the  omitted  bearing  thus  found,  i.e.,  N.E..  S.E., 
S.W.,  or  N.W.? 


(6)  Illustration.     In  Fig.  451  (6)  suppose  that 
the  leng]th  of  AJD  are  omitted  in 


tne  Dearmg  and  tuc  acu|^i.u  ui  .ajl^  ure  uuuiiea  m 
the  field  notes  and  that  the  latitudes  and  depart- 
ures of  the  other  three  sides  have  been  calcu- 
lated and  tabulated  as  follows: 


8.  LAT. 

20 


E.  DBP. 
100 

50 


W.  DEP. 


80 


70  20  150  80 

Tan  Bearing  of  AD-^^-^- 1.4=Tan  54*>  30'.  hence  DA -S.  54^30' W. 

Length  of  AD  -^^=Q;^=86.0ft.orV502  +  702=86.0ft.  (check). 

(c)  Ittustration.  In  Fig.  451  (c),  let  the  broken  lines  represent  boundary 
lines,  the  lengths  and  bearings  of  which  were  not  taken  m  the  field.  The 
transit  lines  A-B-C-D  were  measured,  the  interior 
angles  were  taken,  and  each  comer  of  the  boundary- 
line  was  located  by  the  angle  and  distance.  No 
bearings  were  recorded.  Required  to  find  the 
lengths  and  bearings  of  the  boundaries  (broken 
lines).  This,  problem  simply  involves  four  appli- 
cations of  the  method  of  Case  I.  Assiraie  a  bearmg 
for  any  line  as  AB  and  calculate  in  the  usual  way 
the  bearings  of  the  eight  lines  shown  by  full  lines. 


Then  each  boundary-line  is  an  omitted  sid 


F  a  four- 


sided  polygon,  and  its  length  and  bearing  can  be 
calculated.      The    bearings   of   the   four   boundary- 


FiQ.  451  (c). 


lines  having  been  calculated,  the  angles  EFO,  FOH, 
GHE,  and  HEF  are  easily  found.  (Chapter  XXX.) 
If  the  lengths  of  the  boundary-lines  had  been  measured  in  the  field  they 
would  have  furnished  an  important  check  on  the  calculation  of  the  bear- 
ings of  the  boundary-lines. 

Remark.     This  problem  could  be  done  by  the  method  Explained  on  p, 
406,  and  one  method  could  be  used  to  check  the  other. 


(d)   GENERAL  METHOD   FOR   CASES  U,  in,  AND  lY 

When  two  sides  are  affected  by  omitted  measurements.     Let 
the  sides  AB  and  BC  be  affected  by  omitted  measurements. 
Leaving  these  two  sides  out  altogether,  the 
polygon  may  be  completed  by  a  closing  line, 
AC,  the  bearing  and  length  of  which  can  be 
calculated  by  the  method  of  Case  I.    This 
having  been  done,  enough  parts  of  the  tri- 
angle ABC  will  be  known  to  give  the  omitted 
parts  by  the  usual   trigonometric  methods. 
Cases  II,  III,  and  IV  can  all  be  solved  in  this 
way.    It  is  immaterial  whether  the  deficient  sides  adjoin  or  not. 
This  will  become  evident  in  any  given  case  if  in  omitting  the  two 
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deficient  sides  the  other  sides  are  shifted,  each  parallel  to  itself 

until  they  form  a  connected  series  of  lines. 

lUuttration.  Let  the  sides  C  and  B  in 
Fig.  451  (e)  be  affected  by  omitted  measure- 
ments. In  Fig.  451  (/)  D  has  been  moved 
parallel  to  itself  to  the  end  of  B.  Omitting 
C  and  E  the  closing  line  is  L.  The  length 
and  bearings  of  the  three  sides  A,  B,  and  D 
remain  unchanged,  and  hence  the  line  L  must 
form  a  triangle  with  C  and  E  as  indicated  by  -pia  451  («)  Fio  451  (/). 
broken  lines  m  Fig.  451  (/). 

(e)  Case  II 

WHEN  THE  BEARING  OF  ONE  SIDE  AND  THE  LENGTH  OF  ANOTHER 
SIDE  ARE  OMITTED 

(1)  Find  the  length  and  bearing  of  a* closing  line.     (Case  I.) 

(2)  Find  the  angle  between  the  closing  line  and  the  side  of 
omitted  length  but  known  bearing,  using  the  bearing  found  in 
(1)  and  the  known  bearing.    (Art.  435,  p.  382.) 

(3)  Given  two  sides  of  a  triangle  and  an  angle  opposite  one 
of  them  to  find  a  side  and  either  of  two  angles.  (Formula 
in  the  back  of  the  book.) 

(4)  From  the  angles  found  in  (3)  calculate  the  omitted  bear- 
ing. 

RefMorh.  Two  answers  aro  possible  in  this  case.  (See  Remark,  p.  401.) 
It  is  usually  evident  in  any  given  case,  however,  which  result  corresponds 
to  the  line  of  the  survey. 

(/)  Another  method  for  Case  /7  is  to  assume  for  purposes  of 
calculation  the  side  of  unknown  length  to  be  due  north  and 
south,  the  bearing  of  the  other  sides  being  changed  to  corre- 
spond. This  eliminates  one  imknown  quantity,  i.e.,  the  de- 
parture of  the  side  assumed  as  north  and  south  becomes  zero; 
the  other  unknown  quantities  can  then  bc>  found  by  latitudes 
and  departures.  It  is  immaterial  whether  the  deficient  sides 
adjoin  or  not. 

(1)  Assume  the  side  of  imknown  length  to  be  a  north  and 

south  line,  and  calculate  the  bearings  of  the  other  side. 

If  the  bearings  of  the  sides  are  already  known,  the  bearing  of  the  side 
of  unknown  length  can  be  chan^ad  temporarily  by  an  amount  (clockwise 
or  counter-clockwise)  required  to  make  it  N.  and  S.  The  bearings  of  the 
other  sides  should  then  be  changed  by  the  same  amount  and  in  the  same 
direction  (clockwise  or  counter-clockwise).     (See  Art.  434  (c),  p.  382.) 

(2)  Compute  and  tabulate  the  latitudes  and  departures  of  all 
sides  except  the  two  affected  by  omitted  measurements.  Of 
these  two  the  side  of  unknown  length  has  no  departure  since  it 
was  assumed  N.  and  S.,  hence  the  departure  of  the  other  side 
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must  be  equal  to  the  difference  of  the  sums  of  the  E.  and  W. 
departures  of  the  known  sides. 

(3)  From  the  departure  of  the  unknown  side  (found  in  (2) ) 
and  the  length  of  that  side,  calculate  its  bearing  (Art.  449  (g) ) 
and  its  latitude  (Art.  449  (a)  or  Art.  449  (h)  ). 

(4)  Insert  in  the  table  of  (2)  the  latitude  found  in  (3)  and 
find  a  new  difference  between  the  sums  of  the  N.  and  S.  lati- 
tudes. The  difference  is  the  latitude  of  the  side  assumed  as  N. 
and  S.,  and  since  its  departure  is  zero,  the  length  and  latitude 
of  this  side  are  identical. 

(g)  Case  III 

WHEN  THE  LENGTHS  OF  TWO  SIDES  ARE  OMITTBD 

(1)  Find  the  length  and  bearing  of  a  closing  line.    (Case  I.) 

(2)  Find  the  angle  between  the  closing  line  and  each  of  the 
deficient  sides,  using  the  bearing  found  in  (1)  and  each  of  the 
two  known  bearings.     (Art.  435,  p.  382.) 

(3)  Given  one  side  and  two  adjacent  angles  of  a  triangle  to 
find  the  other  two  sides  and  the  remaining  angle.  (Formula 
in  the  back  of  the  book.) 

Remark.  When  the  two  unknown  sides  are  parallel  this  case  is  indeter- 
minate unless  the  area  is  known. 

(h)  Another  method  for  Case  III  is  to  assume  either  side  of 
unknown  length  to  be  a  north  and  south  line  and  then  to  pro- 
ceed as  in  the  second  method  of  Case  II.  (Art.  450  (/).)  The 
only  difference  is  that  in  (3)  the  length  is  required  and  the 
bearing  is  known  instead  of  vice  versa,     ^ 

(i)  Case  IV 

WHEN  THE  BEARINaS  OF  TWO  SIDES  ARE  tmKNOWN 

(1)  Find  the  length  and  bearing  of  a  closing  line.     (Case  I.) 

(2)  Given  the  lengths  of  three  sides  of  a  triangle  to  find  the 
three  angles.     (Formula  in  the  back  of  the  book.) 

(3)  From  the  angles  found  in  (2)  and  the  bearing  of  the 
closing  line  find  the  two  omitted  bearings.     (Chapter  XXX.) 

Rtmark.     As  in  Case  II  there  will  be  two  answers  possible. 

452.  Simple  Trigonometrical  Methods  of  computing 
omitted  measurements  are  frequently  used  instead  of  those 
already  explained.  An  example  of  this  sort  is  shown  on  the 
opposite  page,  and  explained  in  detail  on  p.  406. 
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Tofind  bearings  and  lengths  ofAB.BCandCD 


I'M  4\^'->'S 


i^±...NM?P.'A..b}^. M.$.J^M 


4" 


93°05' 
86' 55' 
28.7=  1.457662 
Cos  ee'SS'^  8.730688 


Si 


}?? 


I 

1.457882 
Sin  9.999371 


■1-1.54  =  0.168570 
382.00 
AB''363.54 


-O''20'<:- 


26.66^1.457253 
30.9a^0ffsetatA 
2.24  =  0.350248 
■>- 383. 54  =  2.5838 10 


N30''35'E       '•• O'2O'='7.7664380an) 

CAB  =  Lat.  331.26     Pep.  =193.30) 


6.7  "0.626075 
124.0  "2.093422 
*3''or34''^tJ32653-- 
N30''36'00E     (Tan)  / 

N33'4l'34'E  =  BC  =  IZ4.I8^' 
(BC-Laf.  103.31    Dep.  =66.88) 


=  0.626075 
>=  8.732026  (Sin) 
y  2.004047 


34.3=1.535294 
Cos  73" 44''9.447326 
+  9.60=0.982620 
III.  35 


=  1.535294 
Sin  =9.982257 
32.93=1.517551 
24.20^'-0ffsetafD 


120.95 

8.73=0.941014 
120.95  =2.082606 
-  4"  06' =6.858408- 
N30''36'E       (Tan) 
N26''28'E  =  CD= 121. 27^' 
(CD  =  Lat  108. 54     Dep.  54. 04) 


6.73 

=  0.941014 
y^=8.857280(Sfr^ 
■'      y  2.063734 
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(a)  lUu&tration.    Given  the  measurements  shown  in  the  sketch  to  find 
the  lengths  and  bearings  of  AB,  BC,  and  CD. 

(1)  iloX  cos  Aaa'—aa'  and    AaXsia  Aaa'^Aa^ 

28.7X008  86"  55' =  1.64       '*       28.7 X sin  86°  55' - 28.66. 
o'a+a6  =  o'6  '*      Bb  —  Aa" 

1.54  +  382-383.54  30.9-28.66  =  2.24. 

(Bb  —  Aa)  ->-  a'b  —  tan  of  angle  which  AB  makes  with  a'6 
2.24 -H 383. 54 -tan  of  0"  20'. 

N.  30°  36'  E.-0°  20'-N.  30°  16'  E.-bearing  of  AB. 
Length  of  A  B  is  practically  the  same  as  length  of  a'b  in  this  case. 
Traverse  tables  give  for  AB:   Lat.  =331.26,  Dep.  - 193.30. 
The  computations  for  BC  and  CD  are  similar  except  that  the  length  of 
each  is  found  by  dividing  the  difference  in  the  offsets  at  each  end  by  the 
sine  of  the  angle  which  the  line  makes  with  a'd',  thus: 

BC  =  (Bb  —  Cc)  +  sine  of  angle  which  BC  makes  with  a'd\ 
124. 18 =6.7-*- sine  3°  05'  34". 

After  the  computations  were  completed  the  latitudes  and  departures  of 
Ddt  da,  aA  were  looked  up  in  a  traverse  table  as  a  check. 

AB 

BC 

CD 

Dd 

da 

oA 


Tt  is  seen  that  the  polygon  closes  within  a  reasonable  limit  of  error. 

Qtiestion.  Assuming  that  angles  are  measured  to  minutes  and  diO' 
tances  to  the  nearest  tenth,  does  the  u^se  of  six-place  tables  in  this  example 
give  better  results  than  could  be  obtained  by  five-place  tables?  Can  the 
bearing  of  BC  be  obtained  to  the  nearest  second  as  implied  in  the  answer 
330  41?  34// 1    (See  p.  373.) 


N. 

S. 

E. 

W. 

331.26 

193.30 

103.31 

68.88 

108.54 

54.04 

26.03 

23.45 

531.38 

314.26 

13.26 

25.46 

656.37 

656.41 

339.67 

339.71 

+  .04 

+  .04 

CHAPTER  XXXIII 
CALCULATION  OF  AREAS 


In  this  chapter  are  explained  the  methods  of  obtaining  areas  from  field 
aotes  and  from  maps,  including  the  geometrical  and  trigonometrical 
methods,  the  method  of  latitudes  and  departures,  the  method  "of  codrdi- 
Bates  and  the  mechanical  (planimeter)  method. 


453.  The  Area  of  Land  in  plane  surveying  means  the  area 
as  projected  on  a  Jiorizonial  plane.     (See  Art.  5,  p.  2.) 

454.  Units  of  Area.  Areas  in  surveying  are  usually  given 
in  square  feet  or  in  acres:  1  acre » 43  560  sq.  ft.  =»  10  sq.  chains » 
10X66' sq.ft.     (Seep.  3.) 

Acres       Sq.  Rods 
640 


8q.  Miles 
1 


102  400 

160 

1 


Sq.  Yards 
3  007  600 
4  840 
30.25 
1 


1  Sq.  Ft.    -0.0929  Sq.  Meters  3  Sq.  Meter 

1  Sq.  Yd.  -0.8361  Sq.  Meters  1  Sq.  Meter 

1  Acre        —0.4047  Hectares  1  Hectare 
1  Sq.  Mile -2.5899  Sq.  Kilometers 


Sq.  Feet 
27  878  400 
43  560 
272.26 
9 

-10.7639  Sq.  Ft. 

-  1.1960  Sq.  Yds. 

—  2  4710  Acres 


1  Sq.  Kilometer -0.3861  Sq.  Miles 
In  Spanish  measure  1  acre  — 5650  aa.  varas,  more  or  less.     (See  page  3.) 

455.    Qeometrical     and     Trigonometrical 

The  following  formulas  are  for  areas: 


(See  page  3.) 

Principles. 


GEOMETRICAL 


1 .  Trianple — base  X  half  perpendicular  heif^t . 

2.  PorolMZoiiram  — base  X  perpendicular  height. 

3.  Trapezoid— half  the  sum  of  the  parallel  sides  X  perpendicular  height. 

4.  Trapezium,  found  by  dividing  into  two  triangles. 

5.  Regular  potyoron —length  of  perimeter  X  half  perpendicular  distance  from 

center  to  sides. 

6.  Circle  —  diameter  squared  X  0.7854  —  diameter  squared  X  i«. 

7.  Sector  of  ctrcZe  — length  of  arc  X  half  radius. 

8.  SeomerU  of  cirele- area  of  sector  minus  area  of  triangle. 

9.  Euipae  —  major  axis  X  minor  axis  X  0.7854. 

10.  Para&oto— base  Xf  height  or  §  area  of  circumscribed  rectan^e. 

Trioonometrical 

11.  Right  trianglee. 

Given  Area 

Hsrpothenuse  and  acute  angle  (e^  sin  2B)  -i-  4 

Angle  and  opposite  side  (&'  cot  B)  ->-  2 

Angle  and  adjacent  side  (6*  tan  A)-^2  ^i 

Hypothenuse  and  another  side  [aV(c+a)(c— a)]-«-2  6 

Two  sides  about  right  angle  a6  ^  2  Fio.  455. 

407 
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12.  Ohligue    triangle    (three    sidea   given).     Area ->/«(« -a) (a- 6) («-c), 

where  a,  b,  and  c  are  the  sides  and  a  =  (a+6+c)-i-2. 

13.  Oblique  triangle  (two  sides  and  included  angle  given).     Area  =  ^ab  sin  C. 

14.  Area  of  segment  of   a  circle  = -^(L  — CX  cos  il),  where  i2  =  radius  of 

curve,  C  =  length  of  chord,  and  /  =  intersection  angle  (see  p.  204), 
and  L = length  of  arc. 

Approxiinate  formulas  for  area  of  segments:    ^  =  §AfC  =  r5p,   where 

Jf  ■■  middle  ordinate  =  00  (approximately). 

26.  Area  between  tangents  and  curve '^RyT^-^j,  where  £=  radius,  L  = 
length  of  arc,  and  T»  length  of  tangents  (see  p.  204). 

456.  General  Methods  of  Finding  Areas.  (1)  From  a 
map  by  scaling  and  computing,  or  by  the  use  of  the  planimeter. 
(2)  By  computations  made  directly  from  the  field  notes  with- 
out the  use  of  a  map.  The  first  method  is  generally  the  quicker, 
the  second  method  the  more  accurate. 

457.  Obtaining  the  Area  from  a  Map.  (a)  The  area  is 
subdivided  into  geometrical  figures,  such  as  triangles,  rectan- 
gles, squares,  trapezoids,  etc.,  and  the  quantities  necessary  for 
computing  the  areas  of  these  different  figures,  such  as  lengths 
of  bases  and  altitudes,  are  scaled  from  the  map. 

(6)  Two  sets  of  lines  drawn  at  right  angles  to  each  other 
across  the  map  divide  it  into  squares  of  any  desired  size,  say 
100  ft.  squares  to  the  scale  of  the  map.  The  number  of  squares 
which  fall  completely  within  the  boundaries  gives  part  of  the 
area  at  once.  The  fractional  areas  inside  of  the  boundaries, 
formed  by  the  boundary  lines  cutting  through  squares,  are 
usually  triangles  and  trapezoids,  the  areas  of  which  are  found 
as  in  (a)  and  added  to  the  area  foimd  by  coimting  the  num- 
ber of  whole  squares.     (Sae  trapezoidal  rule,  p.  411.) 

Remark.  It  ia  \isually  more  convenient  to  keep  pieces  of  tracing-cloth 
upon  which  squares  have  been  drawn  to  the  scales  commonly  used  in 

1>lotting.  and  to  lay  the  cloth  over  the  map  instead  of  drawing  parallel 
ines.     Another  method  is  to  plot  the  boundaries  on  cross-section  paper. 

Both  of  these  methods  are  extensively  used  as  rough  checks  on  com- 
puted areas. 

(c)  The  PLANIMETER  is  a  mechanical  integrator  and  is  used 
by  engineers  for  ascertaining  the  area  of  any  figure  which  has 
been  plotted.  The  following  directions  for  the  use  of  the  polar 
planimeter  may  be  modified  to  apply  to  other  forms  also. 

1.  Remove  the  instrument  from  the  case;  if  it  has  settings 
for  different  imits,  as  sq.  in.,  sq.  ft.,  sq.  cm.,  make  this  adjust- 
ment first  by  sliding  the  bar  to  the  unit  wanted,  then  fasten 
securely  by  the  set-screw. 

2.  Place  the  tracing-point  anywhere  in  the  perimeter  and 
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press  it  into  the  paper  hard  enough  to  make  a  alight  indentation 
to  show  definitely  the  starting-point. 

3.  Set  the  pole,  or  fixed  needle-point,  in  such  a  position  with 
reference  to  the  area  to  be  measured  that  the  tracing^oint 
can  reach  the  whole  boundary  without  difficulty. 

4.  Read  the  graduated  wheel  when  the  tracing-poiat  is  in 
the  initial  position,  making  use  of  the  vernier,  and  set  down 
the  number. 

5.  Guide  the  tracing-point  by  hand  around  the  area  to  be 
measured  in  a  clockwise  direction,  and  stop  exactly  at  the 
starting-point. 

6.  Read  the  graduated  wheel  again  and  set  down  the  result 
over  the  figures  foimd  at  the  beginning. 

7.  Sul^tract  the  initial  reading  from  the  final  reading  and 
the  result  is  the  area  desired.     (For  exception  see  step  8.) 

8.  If  the  fixed  point  (see  direction  3)  was  placed  within  the 
boundary,  which  is  necessary  only  in  large  areas,  then  to  the 
reading  by  the  wheel  as  foxmd  under  step  7  must  be  added 
the  constant  engraved  on  the  back  of  the  instrument,  directly 
opposite  the  mark  showing  the  units.  Then  the  sum  of  this 
constant  and  the  reading  foimd  by  the  wheel  is  the  true  area. 

(d)  Practical  suggestions.  Step  1.  Some  instruments  read 
only  in  one  unit:  square  inches;  then  no  adjustment  is  required. 

Step  S,  Some  planimeters  have  a  metal  block  resting  on  the 
paper,  into  the  top  of  which  the  fixed  point  is  set.  Then  the 
Uock  is  held  by  its  own  weight,  and  no  needle-mark  is  made 
in  the  paper.  Before  starting  to  measure  the  area  it  is  well 
to  make  a  rough  preliminary  excursion  of  the  tracing-point 
over  the  area  to  see  that  all  points  of  the  boundary  can  be 
reached. 

Step  4'  It  is  often  convenient  to  set  the  wheei  at  zero  before 
starting.  This  can  be  done  conveniently  by  shifting  the  pole  or 
needle-point  until  the  reading  is  zero,  and  thus  step  4  is  avoided. 

Steps,  In  case  the  area  has  a  loop,  or  negative  portion, 
start  in  a  clockwise  direction  over  the  main  area>  then  the 
loop  or  negative  part  will  be  traced  in  a  counter-clockwise 
direction  and  the  instrument  gives  the  difference  or  net  area. 

Step  6.  If  the  final  reading  is  less  than  the  initial,  it  usually 
indicates  that  the  perimeter  has  been  traced  in  the  negative 
(counter-clockwise)  direction. 

Step  8,  If   the  reading   given   by  the  wheel    is   backward 
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when  the  tracing-point  moves  clockwise,  call  this  reading  nega- 
tive  and  subtract  it  from  the  constant  instead  of  adding. 

General  direction.  Try  the  instrument  first  by  measuring  a 
circle,  a  hexagon,  or  a  square  of  known  area,  to  test  its  accu- 
racy. By  making  several  such  tests  of  different  known  areas,  a 
correction  constant  per  unit  of  area  may  be  determined.  If 
there  has  been  any  shrinkage  or  expansion  of  the  paper  since 
the  map  was  plotted  the  trial  square  or  circle  should  be  drawn 
to  agree  with  the  slightly  changed  scale  of  the  map. 

458.  Computing  Areas  Directly  from  Field  Measure- 
ments* (a)  The  simplest  cases  are  those  in  which  the  area 
required  is  of 'some  plane  figure  which  can  be  divided  into  sim- 
ple figures  of  known  dimensions. 

(0)  lUustratUm,    In  the  chain  survey  shown  in  Fig.  458  and  described 

on  p.  56.  the. lengths  of  the  four  fenoe- 
lines  ana  of  the  four  broken  lines  were 
measured.  Hence  the  three  sides  of  each 
triangle  are  known,  and  the  area  of  each 
can  be  found  from  Formula  12,  p.  406. 

(6)  IlluatrcUion.  Suppose  that  in  the 
above  survey  a  transit  was  set  up  at  S, 
the  angles  between  the  broken  lines 
taken,  and  the  length  of  each  broken 
line  measured.  Then  in  each  triangle  two 
sides  and  the  included  angle  would  be 
known  and  the  area  could  be  found  from 
Formula  13,  p.  408. 

(c)  lUiutration.  Suppose  that  in  the 
above  survey  the  lengths  of  the  fraice- 
lines  and  the  angle  at  each  comer  had 
been  measured  but  not  the  broken  lines, 
the  method  of  calculation  would  be: 

(1)  Divide  the  polygon  into  two  triangles  by  a  diagonal. 

(2)  Find  the  length  of  this  diagonal  from  the  two  sides  and  included 
an^e  of  one  triangle  and  check  it  by  solving  the  other  triangle. 

(3)  The  three  sides  of  each  triangle  are  now  known  and  the  area  of 
each  can  be  found  from  Formula  12,  p.  408. 

Check.    Divide  the  polygon  into  two  di£Ferent  triangles  by  the  other 
diagonal  and  find  tho  area  of  each  of  these  triangles  as  before. 

Remark.    Usually  the  transit  lines  do  not  oomoide  with  the  feoce-linei. 
This  case  will  be  discussed  on  p.  418. 

id)  Another  method.     In- 
Btead  of  solving  the  oblique  • 

triangles  the  polyi|on  may 
be  divided  into  nght  tri- 
angles. Draw  one  diagonal 
as  AC,  Fig.  458  (d).  and 
from  each  end  drop  a  per- 
pendicular to  one  side. 
These  perpendiculars,  Aa 
and  Ce,  are  easily  calcu- 
lated from  the  nght  tri- 
angles, and  each  is  the 
altitude  of  one  of  the  two 
triangles  into  which  the 
quadrilateral  is  divided. 
Thus: 

AD  sin  ADa'^Aa 
CB  sin  CBc  =  Cc 


Fio.  458. 


FiQ.  458  (d). 


458  (s). 


and     iAa  XDC^  area  of  ADC, 
ICc  X  AB  =  area  of  ABC, 


and 
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The  work  may  be  checked  by  drawinff  the  other  diagonal  BD,  Fig.  458  (e), 
dropping  the  perpendiculars  Bb  and  Dd  and  proceeding  as  before. 

(e)  Curved  boundary.  Suppose  that  in  Fig.  458  the  lower  left-hand 
comer  were  rounded  by  an  arc  of  a  circle  and  the  points  of  tangencv  were 
known.  A  chord  drawn  between  these  points  of  tan^ency  would  form 
with  the  other  sides  an  irregular  polygon,  the  area  of  which  could  be  found 
as  in  the  preceding  illustration.  To  this  area  must  be  added  the  area  of 
the  segment  between  the  chord  and  the  arc.  If  the  length  of  the  chord 
and  the  middle  ordinate  are  known,  the  approximate  area  is  %MC  (see 
p.  408).  If  the  length  of  the  arc  and  its  radms  is  known,  use  Formula  8, 
p.  407.     If  the  intersection  angle,  etc.,  is  known,  use  Formula  14,  p.  408. 

459.  Areas  from  Offsets.  There  are  two  cases:  (1)  when 
the  offsets  are  taken  at  regular  intervals,  and  (2)  when  they 
are  taken  at  irregular  intervals.  It  is  assumed  that  in  both 
cases  offsets  are  measured  from  a  straight  base-line. 

(a)  Offsets  at  regular  intervals.  There  are  several  formulas 
designed  to  shorten  the  work  of  calculating  each  trapezoid  sepa- 


e      pinIS 
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rately.  In  Fig.  459  (a)  the  first  offset  is  numbered  0  and  the 
other  offsets  1,  2,  3,  etc., ...  6.  Let  a  and  h  be  the  end  offsets 
at  0  and  6  respectively,  and  y^,  ^2,  ^a, . . .  y^  the  intermediate 
offsets,  d  the  common  distance  between  offsets  and  8  the 
sum  of  the  intermediate  offsets  y^,  y2,  yz,  etc., . . .  y,. 

Tmpez(ndal  Rule:  Aie2k==-^{a-\'28-\'h) I 

1740  sq.  ft.  =:^(18+ 148+8). 

This  rule  obviously  is  based  on  the  assumption  that  the  figures 
are  trapezoids-    It  holds  good  for  any  number  of  offsets,  and 
gives  results  accurate  enough  for  ordinary  purposes. 
Another  form  of  the  trapezoidal  rule  is 

Area=di'/i, II 

m  which  2h  is  the  sum  of  the  middle  ordinates  ^„  hz,  hs,  etc., 
.../hi. 

1740  sq.  ft.  =  20  X  (16.5+12.5+ 13+ 15+ 16.5+ 13.5). 

Formulas  I  and  II  are  used  not  only  in  computing  areas  from 
field  measurements,  but  also  in  obtaining  areas  directly  from 
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the  map,  the  offsets  or  the  middle  ordinates,  whicnever  are 
ueed,  being  scaled  at  regular  intervals. 

(6)  FormvZae  for  curved  boundaries.    When  the  boundary-line  between 
|wo  offsets  is  curved  the  assumption  that  the  figure  is  a  trapezoid  may 

E've  an  area  too  large  or  too  small,  according  to  whether  the  boundary- 
le  curves  away  from  or  towards  the  b&se-line.  If  the  curve  departs  very 
auch  from  a  straight  line  more  accurate  results  may  be  obtained  by  either 
the  following  formulas  than  by  the  trapezoidal  nile. 


PoncM*9  Rule,    Let  /^ » the  last  middle  ordinate. 
Area  -dJA+:^(a-Ai+6-W. 


1733  sq.  ft.-20X87+j?(18-16.5+8-13Ji). 


Franeke'e  Rule: 


.20,. 


m 


IV 


1730.8  sq.  ft.-20X87+|^(8X18+12.6-9X16.5+8X8+16.5-9X13.5). 

Remark.  Formula  IV  is  more  accurate  than  III;  either  is  more  eon- 
venient  to  use  and  generally  gives  better  results  than  Simpeon's  Rttle,* 
wbioh  is  sometimes  used  for  the  same  purpose. 

(c)  Offsets  at  irregular  intervals.    The  most  obvious  method 

is  to  find  the  area  of  each  trapezoid  separately  by  multiplying 

its  base  by  its  middle  ordinate.      Thus  in  Fig.  459  (c)  the  total 

area  is: 

8530  sq.  ft,-50X  J(40+30)+40X  J(30+36) 

+  60Xi(36+44)+30Xi(44+28)+60Xj(28+38), 

A  gecond  method  is  a  special  ca^  of  the  coordinate  method 
given  on  p.  418. 


Fig.  459  (e). 

Formula  II,  on  page  418,  may  be  arranged  for  convenience  as 
shown  below.    The  area  is  equal  to  the  siun  of  the  products  of 


*  Derived  on  p.  690,  Johnson's  book  on  Surveying. 
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the  quantities  joined  by  fuU  lines  minus  the  sum  of  the  prod* 
ucts  of  the  quantities  joined  by  broken  lines.  From  Fig.  459  (o) 
it  is  evident  that  aij,  x^,  y^,  and  y^  are  all  zero  and  that  x^^x^, 
hence  the  last  two  terms  do  not  affect  the  result. 

1(2000+2700+6400+7920+6720 

+ 9120  - 1800 --3960 -4200 -6840) 
Area  «}  (17060) -8530. 

Remark.  If  at  any  point  the  irregular  line  turns  back  upon  itself,  as, 
for  example,  if  X5  were  less  than  xj,  the  method  still  holds  good*  Uie  alge- 
braic signs  indicating  the  additional  area  to  be  subtracted. 

Another  convenient  form  is  to  place  the  ordinates  of  the  comers 
in  determinant  array.  Rule:  Multiply  diagonally  fr(m  left  to 
right,  and  consider  a  downward  diagonal  pliis,  upward  minus,  or 
vice  versa.    Divide  the  algebraic  sum  of  all  the  products  by  two. 

Illustration.  Taking  the  example  on  p.  417  for  illustration,  and  as- 
suming I>  as  an  origin,  the  co5rdinates  of  the  corners  and  the  computations 
are  as  follows: 

Staticm        v  ^  Downward  (+)  Upwarrl  (— ) 


D  0  0 

B  +10  +14  0X14«         0  lOX  0  -         0 

A  -14  +24  10X24=+240  -(-14X14)- +196 

B  +16  +36  -14X36= -604  -(     16X24)=- -384 

C  +22  +16  16Xl6=+256  -(     22X36)--792 

D  0  0  22X  0=         0  «.0X16  -         0 


—  8  —980 

(-8+ (-980)1 -I  2= -494  sq.  ft.     Answer. 
Hemark.     The  minus  sign  in  the  above  answer  signifies  that  the  area  was 
obtained  by  taking  the  comers  around  the  field  clockwise;  if  taken  counter- 
clockwise the  area  would  be  the  same,  but  with  a  plus  sign> 

When  total  latitudes  and  departures  have  been  found  for  plotting,  this 
method  is  very  convenient.  It  is  equally  applicable,  of  course,  to  an 
example  like  that  of  Fig.  459  (c). 

460.  Computation  of  Areas  from  Latitudes  and  Double 
Longitudes.  This  method  is  the  one  most  often  used  for 
computing  the  area  of  a  closed  traverse.  When  the  latitudes 
and  departures  of  the  traverse  lines  have  been  computed  for 
purposes  of  plotting,  very  little  additional  labor  is  required  in 
finding  the  area.  The  method  is  a  simple  one,  though  consid- 
erable space  is  required  to  explain  it  clearly  in  detail.  Several 
definitions  will  be  given  first. 
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(a)  Reference  meridian.  The  north  and  south  line  througli 
the  most  westerly  station  of  a  survey. 

Remark.  This  is  the  sense  in  which  the  term  is  usually  understood  in 
the  calculation  of  areas.  It  is  not  essential,  however,  to  assume  the  refw- 
ence  meridian  through  the  most  westerly  station;  it  may  pass  through  any 
station  provided  proper  account  is  taken  of  algebraic  signs.  It  is  usually 
assumed  through  the  most  westerly  station  in  order  to  simplify  mattes 
and  avoid  mistakes.  (See  p.  472,  for  method  of  determining  which  is  the 
most  westerly  station.) 

(6)  The  first  and  last  courses  of  every  polygon  are  the 
two  courses  which  meet  at  the  most  westerly  station.  The 
first  course  is  that  one  for  which  the  given  bearing  is  easterly, 
the  last  course  is  that  for  which  the  bearing  is  westerly,  it  being 
understood  that  the  given  bearings  are  all  forward  bearings. 
(See  p.  112.)  To  determine  the  most 
westerly  station  (see  p.  472). 

Illustration,  In  Fig.  460  (p),  let  i?  be  the  most 
westerly  station,  then  HK  is  the  first  course  and 
OH  the  la^  course,  provided  the  bearings  indicated 
on  the  figure  were  those  used  in  calculating  the 
latitudes  and  departiu-es.  If,  however,  the  opposite 
bearings  were  used  KH'=N.W.  and  HG^N.E., 
then  HG  would  be  the  first  course  and  KH  the  last 
FiQ.  460  (6).  course.     Note  that  the  two,  courses  can  never  both  be 

'  easterly,  or  both  westerly, 

(c)  The  longitude  of  a  course  is  the  distance  from  the 
middle  point  of  the  course  to  the  reference  meridian,  measured 
at  right  angles  to  the  meridian. 

lUttHration.  In  Fig.  460  (c)  Li  is  the  longitude  of  AB,  L2  of  BC,  £3  of 
CD,  and  L4  of  DA.^ 

The  longitude  of  any  course  is  equal  to  the  longitude  of  the  pr^ 
ceding  course  plus  half  the  departure  of  the  preceding  course  plus 
half  the  departure  of  the  course  itself. 

For  the  first  course  there  is  no  preceding  course,  so  that  the 
first  two  terms  are  zero  and  the  longitude  of  the  first  course  is 
therefore  half  its  departure.  In  applying  the  rule,  east  depart- 
ures must  be  given  plus  signs  and  west  departures  minu^  signs. 

lUusiration.  The  correctness  of  the  role  just  given  will  become  evident 
from  inspection  of  Fig.  460  (c). 


Longitude   ^  Long,  of 
of  Course           Preced. 

+ 

JDep.of 
Preced. 

+ 

i  Dep.  of 
Course  itself 

Li  of  AB   -     0  of  0 
L2  of  BC    -  Li  of  AB 
LzofCD   -  L^ofBC 
LiotDE  -  LzofCD 

+ 
+ 
+ 
+ 

Oof  0 
aof  AB 
b  of  BC 
-c  of  CD 

+ 
+ 
+ 
+ 

a  of  AB 

botBC 

-c  of  CD 

^doiDB 

Notice  that  e  and  d  both  have  minus  signs. 
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(d)  General  method  op  calculating  areas  by  latitudes 
AND  LONGITUDES.  If  in  any  survey  an  east  and  west  line  is 
drawn  from  each  station  to 


the  reference  meridian,  trian- 
gles and  trapezoids  will  be 
formed.  One  side  of  each 
triangle  (or  trapezoid)  will 
be  some  course  of  the  survey, 
the  base  of  the  triangle  (or 
trapezoid)  will  be  the  latitude 
of  that  course,  and  the  mean 
length  or  altitude  of  the  trian- 
gle (or  trapezoid)  will  be  the 
longitude  of  that  line.  The 
arfia  of  each  triangle  (or  trap- 
ezoid), therefore,  will  be  the 


■-^-  ■---■--■..  I   ■        ^f    I     i 


— Z2 »* 
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JotUvde  of  some  course  multiplied  by  the  longitude  of  the  same 
course.  (Thus  the  area  of  FBCG  is  ZzXLz*  Latitude  of  BCX 
Longitude  of  BC.)  The  areas  of  all  the  trapezoids  and  trian- 
gles thus  found  in  any  survey  are  not  to  be  added  together  to 
find  the  total  area,  for  each  trapezoid,  as  FBCG,  includes  area 
which  is  not  within  the  boundaries  of  the  survey,  while  the 
area  of  each  triangle  may  be  wholly  outside  of  those  boundaries. 
If,  however,  all  areas  found  from  north  latitudes  (called  north 
products)  are  added,  and  all  areas  found  from  south  latitudes 
(south  products)  are  added,  the  difference  of  these  two  sums 
will  be  the  required  area. 


lUtalration,    The  area  of  ABCD  in  Fig.  460  (c)  may  be  found  aa  foUowi: 


NoBTH  Pboduct 
Area     —  Latitude  X  Longitude 
GFBC  "hofBC  XLi^BC 
GCDE  '-hotCDXLzoiCD 


South  Product 
Area  —Latitude  X  Longitude 
FAB  =  h  of  AB  X  Li  of  AB 
EDA  =  U  of  DA  X  I/4  of  DA 


It  is  evident  that  the  Area  of  ^BCD  =  (Area  of  GFBC  ■{- Area,  of  GCDE) 
—  (Area  of  FAB  +  Area,  of  EDA),  or  equals  the  difference  of  the  sums  of 
the  north  and  south  products. 

(c)  Double  longitudes.  If  the  longitude  of  any  course  is 
found  from  the  longitude  of  the  preceding  course  by  the  method 
of  Art.  460  (c),  it  is  necessary  to  use  half  departures.  As  whole 
departures  and  not  half  departures  are  usually  given  in  the 
tabulated  form  for  latitudes  and  departures  (see  p.  474),  it  is 
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more  convenient  to  multiply  each  latitude  by  twice  the  longi- 
tude (double  longitude)  and  divide  the  final  result  by  two. 

To  find  a  double  longitude  of  any  course  C  from  the  longitude 
of  any  preceding  course  P, 

Double  Longitude  of  C=  Double  Longitude  of  P+ Departure 
of  P+Departiu'e  of  C.  In  the  case  of  the  first  course  there  is 
no  preceding  course;  the  first  two  terms  disappear  and  the 
double  longitude  of  the  first  course  equals  its  departure.  The 
double  longitude  of  the  last  course  also  equals  its  departure, 
but  this  fact  is  used  simply  as  a  check. 

(/)  Rules  for  computing  areas  by  method  of  latitudes 
and  double  lonctttudes.     (summart.) 

1.  Compute  and  tabulate  the  latitudes  and  departures  in  the 
usual  manner. 

2.  Add  three  columns  to"  the  table,  headed  respectively 
Double  Longitudes,  North  Products,  South  Products. 

3.  Ascertain  which  station  is  farthest  west,  and  which  of  the 
two  lines  from  this  station  is  the  first  tins.  (See  pp.  414  and 
472.) 

4.  Complete  the  double  longitude  of  each  course  by  adding 
to  the  double  longitude  of  the  preceding  course  the  departure 
of  the  preceding  course  plus  the  departure  of  the  course  itself. 
West  departures  are  minus.  The  double  longitude  of  the  first 
course  equals  the  departure  of  the  first  course. 

5.  Check  the  double  longitudes  by  the  fact  that  the  double 
longitude  of  the  last  course  is  equal  to  the  departure  of  the 
last  course. 

6.  Multiply  the  latitude  of  each  course  by  the  corresponding 
double  longitude;  if  the  latitude  is  north  put  the  result  in  the 
column  headed  North  Products,  but  if  the  latitude  is  south 
put  the  result  in  the  column  headed  South  Products. 

7.  Add  up  the  north  products,  add  up  the  south  products, 
subtract  the  smaller  sum  from  the  larger  and  divide  the  restdt 
by  two. 

If  the  latitudes  and  departures  are  in  feet,  as  is  usually  the 
case,  the  result  will  be  in  square  feet.  To  reduce  to  acres 
divide  by  43  560,  or  multiply  by  0.0000229568- 

8.  Having  computed  an  area  by  the  method  of  latitudes  and 
double  longitudes,  always  check  the  result  roughly  by  means  of 
the  planimeter  or  bjr  the  graphic  method  (see  p.  408).  If  a 
more  accurate  check  is  desirea,  repeat  the  work  with  the  most 
easterly  station  as  an  origin,  thus  using  a  new  set  of  co5rdinates. 

Remark.  In  steps  6  and  7  reject  all  figures  bejrond  the  second  doabi* 
ful  place.  (See  Art.  425.  p.  369.)  In  step  (6)  use  abridged  multiplication 
or  logarithms.  Tn  converting  square  feet  to  acres  it  is  fully  as  easy  to 
multiply  by  0.000022957,  using  the  abridged  method,  as  it  is  to  divide  by 
43  560.  A  table  in  which  these  constants  are  multiplied  once  for  all  by 
•very  digit  from  2  to  9  is  useful.     (See  p.  377.) 
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Sources  of  error:  Starting 
with  the  wrong  line  for  a  first 
Une;  adding  departures  in- 
stead of  subtracting  when 
they  are  west;  entering  north 
products  in  the  column  for 
south  products  or  vic3  versa; 
forgetting  to  divide  the  final 
prodtLct  by  two, 

Illtuiratum,  Let  it  be  reauired 
to  find  the  area  of  the  polygon 
j^^B-C-D-E'A  in  Fig.  460  (/) 
Assume  that  the  latitudes  and  oe- 
partures  have  been  calculated  and 
tabulated  in  the  usual  manner, 
the  next  thing  to  do  is  to  add  a 
column  of  double  longitudes.  It 
is  found  that  D  is  the  most  west- 
erly station  (Art.  507  (a),  p.  472). 
Mid  that  therefore  DE  is  the  first 
line  (Art.  460  (6),  p.  414). 

It  is  not  necessary  to  tabulate 
the  work  done  in  finding  double 
longitudes, — it  is  tabulated  below 
for  sake  of  clearness. 


_ — ^s-f — »«      i 
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Notice  that  the  double  longitude  of  CD  comes  out  equal  to  its  departure 
— a  check  on  the  work.  In  surveys  which  do  not  exactly  close,  the  double 
longitude  of  the  last  line  will  differ  from  the  departure  of  that  line  by 
twice  the  total  error  in  departures  (unless  errors  are  balanced).  Insert- 
ing the  double  longitude  found  above  and  multiplying  each  latitude  by 
its  corresponding  double  longitude,  the  tabulated,  form  becomes  that 
given  below: 

UNB  BBABINO  LENGTH  LATITUDB   DEPARTURB  DOUBLB     PRODUCTS 
N.    S.       E.   W.    LONOI-     N.       8. 
TUDB 

AB      N.-E.  30  12  60  1800 

BC       N.-W.  6  20  52  312 

CD      S.   W.  22  16  16 


DE 
SA 


N.  E, 
8.  £. 


10 

24 

M      46* 


14 
10 


36      36 


14 
38 


140 


352 


012 
1264 


Areft-404Mi.fl. 


1' 
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o' 
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QuetHon.  In  the  illustration  the  work  practically  amounts  to  subtract* 
in«  the  sum  of  the  areas  MCD  and  FEAH  from  the  sum  of  the  areas 
MuBG,  GBAH,  and  FED.  Why,  from  inspection  of  the  figure,  should 
FED  be  included  in  the  latter  sum? 

Nate.     For  more  practical  examples  in  areas,  see  pp.  425  and  427. 

461.  To  Compute  Areas  from  Coordinates.     This   is 

simply  a  more  general  case  of  the  method  of  computing  areas 

from  latitudes  and  double  longi- 
tudes. In  Fig.  461  let  1-2-3-4  be 
any  irregular  polygon,  the  codrdi- 
nates  of  the  comers  with  i  espect  to 
two  coordinate  axes  being  known 
and  represented  by  Xj,  x^,  Xs,  x^ 
and  ^1,  ^2,  t/3,  and  y^. 

The  area  of  the  polygon  is  equal 
to  the  sum  of  the   areas  of   two 
trapezoids  minus  the  sum  of  the 
^***  ^^'  areas  of  two  others,  i.e., 

4=  (Area  l'-l-2-2')+  (Area  2'-2-3-3') 

-  (Area  3'-3-4-40  -  (Area  4'-4-l-10; 

^  =  }[(yi-y2)(«i+«2)+  (2f2-y3){x2-]-Xz) 

-  (y4-y»)(^4+^3)  -(vi-y^X^+ajj]; 

A^i\2/i(x2-x^)+y2(xz-Xj)+y3{x^-X2)+y^{Xi-Xz)];  ...  I 
A'=i\yiX2+y2X3-\-y9X4+y4Xi-(yiX^-\-y2Xi+y9x^-\-y^xz)].  .  .  II 
These  two  equations  may  be  expressed  as  follows: 
Rule  I.  Multiply  the  ordinate  of  each  comer  by  the  difference 
between  the  abscissas  of  the  two  adjacent  comers^  always  subtract- 
ing the  following  abscissa  from  the  preceding  abscissa.  The  area 
is  one  half  the  sum  of  the  products. 

Rule  II.  Multiply  the  ordinate  of  each  comer  by  the  abscissa 
of  the  next  comer  and  sum  the  products.  Multiply  the  ordinate 
of  each  comer  by  the  abscissa  of  the  preceding  comer  and  sum  th€ 
products.    One  half  the  difference  of  the  two  sums  is  the  area. 

Remark.  To  avoid  mistakes  in  algebraic  signs  it  is  better  to  choose  the 
axes  so  that  the  whole  polygon  lies  in  the  first  quadrant.  In  the  above 
rules  it  is  assumed  that  the  corners  are  numbered  consecutively  in  either 
direction  around  the  polygon.  Of  course  the  rules  hold  good  if  the  words 
abscissa  and  ordinate  are  mterchanged  wherever  they  occur. 

Rule  I  generally  involves  less  work  than  Rule  II.  When  p,ule  II  is  used 
it  is  convenient  to  arrange  the  ordinates  and  abscissas  as  shown  on  p.  413. 

462.  Summary  of  the  Different  Methods  of  Computing 
Irregular  Areas.  The  most  general  case  likely  to  arise  in 
practice  may  be  stated  as  follows;  Boundary-lines  are  irregular; 
traverse  lines  do  not  coincide  with  boundary-lines;  boundaries 
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located  from  the  traverse  lines  by  offsets  taken  at  every  point 
of  abrupt  change  and  near  enough  together  so  that  the  boundary 
between  two   successive  offsets  may  be  considered   straight. 

The  lines  bounding  the  area  to  be  computed  form  a  polygon; 
in  the  perimeter  are  included  not  only  any  straight  boundary- 
lines  which  may  exist,  but  also  the  series  of  straight  lines  wmcn 
lie  between  offsets  and  which  follow  approximately  irregular 
boundaries  such  as  winding  roads  and  streams.  To  distinguish 
this  polygon  from  that  formed  by  traverse  lines,  it  will  be 
referred  to  as  the  boundary  polygon. 

(a)  First  method.  (1)  Compute  the  length  and  bearing  of 
every  line  in  the  boundary  polygon.  (See  practical  illustration, 
p.  405.)  (2)  Compute  and  tabulate  the  latitudes  and  de- 
partiires  for  all  the  lines  in  the  boundary  polygon  (p.  389). 
If  the  error  of  closure  is  small  the  work  in  (1)  is  probably  cor- 
rect. (3)  Find  the  area  within  the  boundary  polygon  by  the 
method  of  latitudes  and  double  longitudes. 

Remark.  The  length  and  bearing  of  each  side  in  step  (1)  may  be  found 
in  two  ways:  (1)  If  the  boundary  lines  are  irregular  the  method  explained 
on  p.  405  is  preferable.  (2)  If,  however,  the  boundary  line  is  straight 
and  corresponds  to  the  omitted  side  of  a  polygon  the  method  of  Case  I, 
p.  402,  may  be  used  although  the  first  applies  equally  well. 

(6)  Second  method.  (1)  Compute  the  area  within  the  poly- 
gon formed  by  the  traverse  lines  by  latitudes  and  double  longi- 
tudes (p.  416).  (2)  Compute  the  areas  of  the  triangles,  trape- 
zoids, etc.,  which  lie  between  the  traverse  lines  and  the  boundary- 
lines.  (3)  Add  to  the  area  found  in  (1)  any  area  found  in  (2) 
which  lies  within  the  boundary  polygon  and  subtract  any 
area  found  in  (2)  which  lies  outside. 

(c)  Remark.  In  step  (2)  the  area  between  any  traverse  line  and  an 
irregular  boundary  may  often  be  computed  by  the  trapezoid  rule  (p.  411) 
or  by  one  of  the  rules  on  p.  412.  In  the  case,  however,  of  the  area  be- 
tween a  traverse  line  and  a  straight  boundary-line  the  method  explained 
in  the  following  illustration  is  frequently  used. 

(d)  lUustration.  Let  it  be  required  to  compute  the  area  of  the  piece  of 
land  shown  in  Illustration  III,  insert  sheet,  opposite  page  190.  (1)  The 
area  ABCD  is  found  by  the  method  of  latitudes  and  double 
longitudes.  (2)  The  area  of  the  polygon  9-C-D-ll  is  equal 
to  the  area  of  the  trapezoid  9-x-y-ll  minus  the  areas  of 
the  two  shaded  triangles.  Since  the  distances  C-9  and 
I>-11  were  measured  in  the  field,  and  angles  taken  to  9  and 
11,  the. sides  9-x,  Car,  Dy,  and  ll-y  are  easily  calculated. 
(3)  The  areas  of  the  polygons  D-A-7-11  and  A-B-B-7  are 
found  in  a  similar  manner.  (4)  To  find  the  area  between 
CB  and  the  brook,  drop  perpendiculars  to  CB  at  C  and  B 
and  find  these  approximate  lengths.  (It  would  have  been 
well  to  have  measured  them  in  the  field.)  The  area  between 
these  two  perpendiculars  from  B  to  C  may  be  found  by  the 
method  on  p.  412,  and  to  this  area  the  areas  of  the  small  Fio.  461  (o). 
triangle  at  each  end  must  be  added. 
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(e)  The  two  methods  compared.  The  chief  advantage  of  the 
first  method  is  the  excellent  check  in  step  (2).  There  is  no 
such  check  in  the  second  method.  The  first  method  would 
seem  to  involve  more  labor,  but,  in  most  cases,  the  work  in 
step  (1)  of  calculating  lengths  and  bearings  of  boundary-lines 
has  to  be  done  anyway,  so  that  the  extra  labor  involved  is  not 
as  much  aswould  at  first  appear.  Whichever  method  is  used  it 
is  well  to  check  the  computed  area  roughly  by  the  area  ob- 
tained from  the  plotted  boimdary-lines  (by  scaling  and  com- 
puting, p.  408,  Arts.  467  (a)  and  457  (6),  or  by  means  of  the 
planimeter,  p.  408). 


CHAPTER  XXXIV 
PARTING  OFF  LAND 


Many  of  the  problems  which  arise  in  parting  oflf  or  dividing  up  land 
involve  only  simple  geometrical  principles  which  the  student  can  readily 
discover  for  himself.  .  Of  the  more  complicated  problems,  two  are  of  such 
frequent  occurrence  that  methods  of  solving  them  are  explained  in  this 
chapter.* 


463.  General  Problem  Given  a  line  L  intersected  by  two 
lines  making  angles  with  L  of  M  and  N  degrees  respectively,  Re^ 
quired  the  distance  x  from  L  of  a  line  C  parallel 
to  L,  which  shall  form  with  L  and  the  two  in- 
dined  lines  a  trapezoid  of  given  area  A,  Also 
required  the  length  of  C  and  of  the  non-parallel 
tides  of  the  trapezoid, 

C^L-x(pot  M+cot  N) 

,  Pio.  463. 

il-  (L+C)|-  -La;-|  (cot  M+cot  N) 

-2il-a;2(cot  ilf +cot  N)-2Lx 


Lete-- 


cot  M+cot  N 
a;»-2Lte-  -2«A 

x^Lt±VLH^-2tA. (I) 


♦  For  a  great  variety  of  problems  in  parting  ofif  land  see  Gille8pie*8  Sur^ 
veying,  Vol.  I,  pp.  263-299. 
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From  this  value  of  x  and  the  angles  M  and  N,  the  other 
unknown  distances  may  be  found  by  trigonometry,  for  x  is  the 
value  of  the  perpendicular  side  of  a  right  triangle  one  angle  of 
which  is  M,  and  also  of  another  right  triangle  one  angle  of 
which  is  N,  Compute  the  two  bases  of  these  triangles  and 
subtract  their  sum  from  L  to  get  C  The  lengths  of  the  non- 
parallel  sides  of  the  trapezoid  are  equal  respectively  to  the 
hypothenuses  of  the  triangles, 

464.  To  Part  Off  a  Required  Area  from  a  Given  Irreg- 
ular Polygon.  The  two  general  cases  which  arise  most  fre- 
quently in  practice  are:  (1)  When  the  direction  of  the  dividing 
line  is  known,  and  it  is  required  to  find  the  two  points  where 
this  line  meets  the  perimeter  of  the  polygon.  (2)  When  a 
starting-point  on  the  perimeter  is  known,  and  it  is  required  to 
find  the  direction  of  the  dividing  line.  The  different  steps  in 
the  calculation  will  be  outlined  and  then  illustrated  by  a  prac- 
tical example  for  each  case. 

(a)  Casb  I.  To  divide  ari  irregular  polygon  into  two  parts,  one 
of  which  shaU  have  a  specified  area,  by  a  line  having  a  given 
direction. 

If  no  bearings  are  given  the  dividing  line  may  be  assumed  as 
north  and  south,  and  the  corresponding  bearings  of  the  sides 
of  the  polygon  calculated  by  the  methods  of  Chapter  XXX, 
beginning  with  the  side  which  makes  a  known  angle  with  the 
dividing  line.  If  the  bearings  are  given  it  is  better  to  use  them 
as  they  stand. 

(1)  Compute  the  latitude  and  departure  of  each  side  of  the 
given  polygon  to  see  if  it  is  a  closed  figure.  (If  it  does  not  close 
within  a  reasonable  limit  of  error  nothing  further  can  be  done 
with  the  problem.)  If  it  does  close  compute  its  area  by  the 
method  of  double  longitudes  (p.  416). 

(2)  Draw  the  polygon  accurately  to  as  large  a  scale  as  can 
be  conveniently  used,  and  check  the  area  obtained  in  (1)  by 
some  approximate  method.     (See  p.  408.) 

(3)  Find  by  trial  the  approximate  position  of  the  dividing 
line.  Usually  this  may  be  done  very  roughly  by  a  method  sim- 
ilar to  that  used  in  (2)^  since  the  object  is  simply  to  find  which 
vertex  of  the  polygon  is  nearest  to  the  dividing  line. 

(4)  Through  the  nearest  vertex  found  in  (3),  assume  an 
auxiliary  line  having  the  same  direction  as  the  dividing  line. 
A  trapezoid  is  then  formed  having  for  its  two  parallel  bases  this 
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auxfliary  line  and  the  dividing  line.  If  the  altitude  of  this 
trapezoid  can  be  found  the  position  of  the  dividing  line  is  de- 
termined. 

(5)  Compute  the  area  on  one  side  of  the  auxiliary  line  by  the 
method  of  latitudes  and  double  longitudes.  To  do  this  it  will 
be  necessary  first  to  calculate  the  missing  parts  of  the  polygon 
formed  by  the  assimied  line  and  that  part  of  the  original  perim- 
eter bounding  the  area  to  be  computed;  one  of  these  missing 
parts  is  the  length  of  the  auxiliary  line.     (Chapter  XXXII.) 

(6)  Find  the  difference  between  the  area  found  in  (5)  and 
the  area  to  be  parted  off  on  the  corresponding  ade  of  the  divid- 
ing line.  This  difference  is  the  area  of  the  trapezoid  referred 
to  in  (4). 

(7)  Substitute  this  difference  for  A  in  Formula  I,  p.  421,  and 
solve  for  x,  the  altitude  of  the  trapezoid.  Find  also  by  trigo- 
nometry the  length  of  the  non-parallel  sides  of  the  trapezoid, 
thus  giving  the  two  points  where  the  dividing  line  meets  the 
perimeter  of  the  polygon.  Since  the  dividing  line  is  a  base  of 
the  trapezoid,  its  length  may  easily  be  found. 

(8)  As  a  final  check,  compute  the  area  on  each  side  of  the 
dividing  line  by  latitudes  and  double  longitudes,  to  see  if  the 
area  which  was  to  be  parted  off  has  been  obtained,  and  also  if 
the  sum  of  the  two  areas  is  equal  to  the  total  area  of  the  original 
polygon  as  foimd  in  (1).  (This  is  a  double  check,  but  see 
Caution,  p.  424.)  It  is  well  to  check  the  area  of  the  trapezoid 
from  the  computed  lengths  of  the  two  parallel  bases  and  its 
altitude  x,  before  applying  the  double  check  just  given. 

(h)  lUtutration,  Let  it  be  required  to  subdivide  the  tract  of  land  shown 
in  Fig.  464  (6)  by  a  line  de  whose  direction  shall  be  N.  55°  IC  E.,  in  such 
a  way  that  the  area  dEABed  shall  be  8  acres.  The  solution  of  this 
problem  is  shown  on  p.  425.     The  different  steps  were  as  follows: 

(1)  Calculated  the  latitudes  and  departures  and  found  that  the  figure 
dosed.  Found  the  area  by  method  of  double  longitudes  (p.  416)  to  be 
478  820  sq.  ft.  or  10.992  acres. 

(2)  Drew  the  polygon  to  scale,  and  using  the  approximate  method  on 
p.  408  checked  the  area  found  in  (1). 

(3)  Found  approximately  where  de  would  have  to  be  in  order  to  make 
the  area  between  it  and  the  highway  equal  to  8  acres.  This  was  done  very 
roughly  by  the  approximate  method  used  in  (2),  the  sole  object  being  to 
find  which  vertex  in  the  perimeter  is  nearest  de.   This  vertex  is  evidently  E. 

(4)  Assumed  a  line  through  E  parallel  to  de  (N.  55**  IC  E.)  intersecting 
the  opposite  side  of  the  polygon  at  6.  In  the  polygon  ABhEA  tiiere  are 
two  missing  parts,  the  lengths  hE  and  ^6.  By  the  method  given  on  p.  404 
theee  lengths  were  found:  to  be  &£->  1087.7  ft.  and  .86 » 15.6  ft.  (The 
eomputations  made  in  getting  these  results  are  not  shown  in  the  work  on 
p.  425.) 

(5)  Found  the  area  of  ABhEA  by  latitudes  and  double  longitudee  to 
be  84  690  sq.ft. 
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(0)  Found  the  area  of  the  trapezoid  dEb^  by  subtracting  84  600  from 
348  480  sq.  ft.  (or  8  acres)  to  be  263  790  sq.  ft.  Substituting  in  Formula  L 
p.  421,  found  a; -299  ft.  Found  by  trigonometry  e&  ==338.0  ft.  and  Ed» 
391.8   (work  not  shown). 

(7)  Checked  the  area  of  the  trapezoid  as  indicated.  Also  checked  the 
area  between  de  and  the  highway  oy  double  longitudes.  Found  it  to  be 
correct  within  60  sq.  ft.  If  worth  while,  this  error  could  be  corrected  by 
moving  the  line  de,  which  is  676.8  ft.  long,  an  amount  equal  to  60-4-676.8. 
As  this  is  less  than  0.1  ft.  it  was  allowed  to  stand  in  this  case.  As  a  final 
check  the  area  DdeCD  was  calculated  by  double  longitudes  (work  not 
shown),  and  found  equal  to  2.993  acres.  Adding  the  areas  on  either  side 
of  the  dividing  line  de,  7.999+2.993*=  10.992— the  area  of  the  entire  tract 
(check). 

(c)  SuggeriionB,  (1)  It  is  well  to  keep  all  areas  in  square  feet  until  the 
problem  is  finished.  (2)  This  method 
can  be  used  for  subdividing  a  polygon 
into  any  number  of  parallel  strips, 
each  of  any  required  area.  (3)  In 
theo  ase  of  very  irregular  boundary- 
lines  it  may  be  impossible  to  find  a 
vertex  from  which  an  auxiliary  line 
can  be  drawn  and  a  trapezoid  formed. 
In  that  case  the  auxiliary  line  should 
be  assumed  as  near  to  the  position  of 
the  required  line  as  can  be  estimated 
and  the  area  computed  as  in  (5).  This 
area  wUl  probably  be  incorrect,  but 
it  Will  indicate  about  how  much  to 
move  the  auxiliary  line  for  another 
trial.  Two  or  more  trials  may  be 
necessary.  This  trial  method  makes 
no  use  of  Formula  I.  and  is  fre- 
quently used  in  place  of  the  trapezoid 
method.  (4)  It  is  not  essential  even 
in  the  trapezoid  method  to  have  the 
auxiliary  line  pass  throu^^  a  vertex  of  the  polygon;  it  ma^  start  at  any 
point  on  the  perimeter,  but  it  usually  saves  work  to  have  it  start  from  a 
vertex. 

(d)  Caution.  It  often  happens  in  subdivisions  of  areas  that  several  of 
the  same  D.L's  and  N.  or  S.  latitudes  are  used  in  two  or  more  area  com- 

futations  (as  in  the  total  area  and  in  one  or  more  of  the  component  areas), 
n  such  cases  an  error  in  the  N.  or  S.  products,  if  they  are  not  multiplied 
independently  each  time,  might  extend  through  the  whole  computetion, 
yet  would  not  be  revealed  by  the  checks  in  step  (8).  (See  preceding 
illustration.)  In  such  cases  it  is  often  best  to  use  the  most  easterly  meridian 
as  a  starting-point  in  computing  the  last  set  of  D.L's. 

(e)  Case  II.  To  divide  an  irregular  ^polygon  into  two  parts,  ona 
of  which  shall  have  a  specified  area,  by  a  line  starting  from  a  given 
point  on  the  perimeter. 

If  no  bearings  are  given,  assume  some  line  of  the  polygon  as 
north  and  south,  and  calculate  the  corresponding  bearings  of 
the  remaining  sides,  otherwise  use  the  bearings  given.  Steps 
(l)i  (2)i  (3),  (5),  and  (8)  are  practically  identical  with  the  cor- 
responding steps  of  the  preceding  case. 

(1)  and  (2)  (Dompute  the  latitudes  and  departures,  find  the 
area  and  draw  the  polygon  to  scale,  as  directed  in  steps  (1)  and 
(2)  of  the  preceding  case. 

(3)  Find  by  trial  the  approximate  position  of  the  dividing 
line,  in  order  to  ascertain  which  vertex  of  the  polygon  is  nearest 
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(See  step  (3)  of  the 


to  the  unknown  end  of  the  dividing  line, 
preceding  case.) 

(4)  From  the  vertex  found  in  (3)  draw  an  auxiliary  line  to 
the  known  end  of  the  dividing  line,  and  find  its  length  and  bear- 
ing (p.  401). 

(5)  This  auxiliary  line  is  the  base  of  a  triangle  having  two 
unknown  sides,  one  the  required  dividing  line,  the  other  a  por- 
tion of  one  side  of  the  polygon.  (See  dBe,  Fig.  464  (/).)  The 
solution  of  the  problem  depends  upon  finding  the  area  of  this 
triangle. 

(6)  Calculate  the  area  on  one  side  of  the  auxiliary  line  by  the 
method  of  latitudes  and  double  longitudes. 

(7)  Find  the  difference  between  the  area  found  in  (6)  and  the 
area  to  be  parted  off  on  the  corresponding  side  of  the  dividing 
line.  This  difference  is  the  area  of  the  triangle  referred  to 
in  (5). 

(8)  The  base  of  the  triangle  being  known  from  (4)  and  its 
area  from  (7),  its  altitude  follows  at  once.  Then  the  lengths  of 
the  two  unknown  sides  may  be  computed  by  trigonometry. 

(9)  As  a  final  check,  calculate  the  area  on  each  side  of  the 
dividing  line  as  explained  in  step  (8)  of  the  preceding  case. 

(f)  lUustration.     Required   to  subdivide   the  tract  of  land   shown  in 
Fig.  464  (/)  by  a  line  of  unknown  direction,  starting  from  a  given  point  d 
and  parting  off  an  area  deBAEd=' 
7.999  acres. 

(1)  and  (2)  Found  the  area  of  the 
given  polygon  to  be  478  810  sq.  ft. 
(See  preceding  illustration.)  Checked 
it  roughly  by  drawing  the  polygon  to 
scale. 

(3)  Found  approximately  the  di- 
rection of  de  such  as  to  make  the  area 
between  it  and  the  highway  equal  to 
7.999  acres.  Found  i5  to  be  the  ver- 
tex nearest  the   unknown  point  e. 

(4)  Drew  the  auxiliary  line  Bd  and 
found  its  bearing  and  length  by  the 
method  for  missing  measurements  to 
be,  respectively,  S.  75°  33'  W.  and 
898.0  ft.     (See  opposite  page.) 

(5)  Found  the  area  of  dEABd  to  be 
242  565  sq.  ft. 
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(6)  Found  the  area  of  the  triangle 
deB  by  subtracting  242  565  from 
348  436  sq.  ft.  (or  7.999  acres)  to  be 
105  871  sq.  ft. 

S  Found  the  altitude  /«  of  the  triangle  to  be  235.8  ft.,  and  the  two 
own  sides  by  trigonometry  are:    Be  =-353.6  ft.  and  ed«  676.8.     The 
angle  edB^^Tff"  23',  from  which  the  bearing  of  ed  =  S.  55°  IC  W. 

(8)  Checked  the  position  of  ed  by  calculating  the  area  on  each  side  afl 
in  step  (7)  of  the  preceding  illustration.     (Work  for  one  area  shown  on  p. 
425.)     (See  Caution,  p.  424.) 
Suggestions.    3ee  syggestions  at  the  end  of  the  preceding  case. 
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CHAPTER  XXXV 
EARTHWORK  COMPUTATIONS 

In  this  chapter  are  given  simple  methods  of  computing  earthwork, 
suohj  for  example,  as  those  most  used  in  estimating  cut  and  fill  for  ordinary 
gradmg.  For  a  more  comprehensive  treatment  of  earthwork  computa« 
tions  tne  student  is  referred  to  standard  books  on  railroad  engineering. 


465.  Grade  Elevations.  The  grade  or  gradient  between  two 
points  of  fixed  elevations  is  equal  to  the  difference  in  elevation 
divided  by  the  distance  between  the  points.  This  grade  is 
generally  given  in  per  centf  as  3%,  5%,  etc.  (See  310  (o),  p. 
243.)  The  per  cent  being  known,  the  elevations  of  intermediate 
points  are  easily  obtained.  The  usual  method  is  to  find  the  ele- 
vation of  any  point  by  adding  to  the  elevation  of  the  preceding 
point,  if  lower,  a  quantity  equal  to  the  distance  from  the 
preceding  point  multiplied  by  the  grade.  If  the  intermediate 
points  are  equal  distances  apart,  the  quantity  added  each  time 
is  of  course  a  constant. 

(a)  Illustration.    In  Fig.  465  (a)  let  the  elevation  of  two  points  200  ft. 

apart  be  respectively  52  and  60  ft.,  and  let  the  finished  grade  be  a  strai^t 

line  between  the  two  points.     Let  the  exist- 

^^      ing  surface  be  represented  by  the  full  line. 

The    grade    is       ^    =0.04    or    4%.     For 

50-ft.  stations  the  constant  change  of  grade 
is  0.04X60  =  2  ft.  The  elevation  of  -4  is 
62  +  2  =  54  ;  of  S,  54  +  2-56;  of  C,  56  +  2-58. 
As  a  check  58  +  2=«60,  the  original  elevation, 
j  I         This  check  should  never  be  omitted. 

■■    ■     '"*T^y~*i  The  grade  elevation  of  any  other  (>oint 

^^Datum-o.O.>*  between  50-ft.  stations  may  be  found  easily. 

Thus,  for  example,  at  a  point  24  ft.  from 
Fio.  465  (a).  B   toward   C   the   grade   elevation   is   56+ 

^  ^  (24  X  0.04)  =  56.96. 

Note.  For  a  more  practical  illustration, 
see  computations  for  sewer-grade  points,  p.  286,  and  also  lUustraiion  (6), 
p.  281. 

(6)  Cvi  and  fiU.  The  cut  and  fill  at  any  point  is  the  differ- 
ence between  the  grade  elevation  at  that  point  and  the  eleva- 
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tion  of  the  existing  surface.  If  the  former  is  always  subtracted 
from  the  latter  algebraically,  a  minus  result  indicates  fill  (earth 
to  be  added),  a  pZws  result  cut  (earth  to  be  taken  away).  Thus 
in  Fig.  465  (a)  the  fill  at  A  is  48-54=  -6  ft.,  and  at  B  49- 
56=  -7  ft.  The  cut  at  C  is  64-58=  +6  ft.,  and  at  the  last 
point  64.5-60=  +4.5  ft. 

466.  Geometrical  Definitions  and  Principles.  A  poly- 
hedron is  a  geometrical  solid  bounded  by  planes.  A  jfrism  is  a 
polyhedron  two  of  whose  faces  (bases)  are  equal  polygons 
lying  in  parallel  planes  and  having  their  homologous  sides  par^ 
allel,  the  other  faces  being  parallelograms  formed  by  planes 
passed  through  the  homologous  sides  of  the  equal  polygons. 
A  truncated  prism  is  one  in  which  the  two  bases  are  not  paralleL 
A  right  truncated  prism  is  one  in  which  one  of  the  bases  is  per* 
pendicular  to  the  lateral  edges. 

The  volume  of  any  tnmcated  prism  is  equal  to  the  area  of  a 
right  section  multiplied  by  the  length  of  a  line  joining  the  centers 
of  mass  of  the  two  bases.  The  volume  of  any  truncated  trian- 
gvlar  prism  is  equal  to  th^  product  of  its  right  section  by  J  the 
sum  of  its  lateral  edges.  Any  truncated  prism  whose  base  is 
a  symmetrical  polygon  can  be  divided  into  equal  truncated 
triangular  prisms,  and  hence  the  volume  of  such  a  prism  is  equal 
to  the  area  of  a  right  section  multipUed  by  a  length  equal  to 
the  niean  of  all  the  lateral  edges. 

467.  Calculating  Earthworlc  by  the  Method  of  Unit 
Areas,  (a)  In  Fig.  467  (a)  let  abed  be  a  rectangle  which  has 
been  staked  out  on  the  ground,  and  suppose  that  the  four 
comers  are  at  different  elevations,  but 

lie  in  the  same  plane.  The  surface 
bounded  by  the  rectangle  is  therefore 
an  inclined  plane.  Suppose  that  it  is 
desired  to  grade  down  to  a  level  sur- 
face a  certain  distance  below  the  lowest 
comer.  The  earth  to  be  moved  is  a 
righl  truncated  prism,  with  vertical 
edges  at  o,  6,  c,  and  d.  Suppose,  on 
the  other  hand,  that  the  finished  grade 
is  also  an  inclined  plane  (not  neces- 
sarily parallel  to  the  original  surface), 

then  the  earth  to  be  moved  is  a  truncated  prism  whose  ri^ht 
section  is  the  rectangle  abed.    In  either  case  the  volimie  is  equal 


a   b 

d   c 

4 

4 

4 

8       1 

3       j 

I 
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to  the  area  of  the  rectangle  ahcd  multiplied  by  one  fourth  of 
the  sum  of  the  vertical  edges  through  a,  b,  c,  and  d,  or 

F(mcu.ft.)  =  A J orF(mcu.yds.)=    ^  T^^ot        -  ^^ 

This  formula  is,  of  course,  equally  applicable  to  fills,  i.e.,  when 
the  grading  is  carried  up  to  a  plane  wholly  above  the  original 
surface. 

(6)  When  any  surface  has  been  divided  into  a  number  of 
unequal  rectangles  and  the  surface  within  each  rectangle  is  a 
plane,  there  will  be  as  many  prisms  as  there  are  rectangles,  and 
the  total  volume  will  be  the  sum  of  the  volumes  of  all  of  the 
prisms.  By  making  the  rectangles  equal,  however,  the  work  of 
computation  is  simplified.  Thus  in  Fig.  467  (a)  each  comer- 
height  will  be  used  as  many  times  as  there  are  rectangles  join- 
ing at  the  comer  (indicated  on  the  figure  by  numbers).  The 
total  volume  is  therefore 

V  (m  cu.  yds.)=  -^— i ^^^^^     ^ *A    .     (II) 

Aasarea  of  one  rectangle  in  sq.  ft.;  ^=sum  of;  ft = comer- 
height;  subscripts  indicate  number  of  times  a  comer-height  is 
used. 

(c)  Remark,  Both  formulas  (I)  and  (II)  are  based  on  the  assumption 
that  the  original  surface  within  a  unit  rectangle  is  a  plane.  In  practice 
the  unit  area  is  assumed  small  enough  so  that  this  assumption  is  approx- 
imately true,  but  it  is  practically  never  exactly  true,  and  the  volume 
obtained  from  either  formula  will  be  slightly  different  from  the  true  volume. 

(d)  If  the  finished  surface  is  inclined  it  may  slope  in  one 
direction  (Case  II,  p.  288),  or  it  may  slope  in  two  directions 
(Case  III,  p.  288).  In  either  case  the  elevations  of  the  finished 
surface  at  the  different  comers  must  be  obtained  either  by  cal- 
culation or  graphically  before  the  comer-heights  can  be  foimd. 
The  method  of  ascertaining  these  grade  elevations  will  depend 
upon  how  the  imit  areas  were  laid  out  in  the  field.  The  direc- 
tions for  setting  grade-stakes  (pp.  288-289)  will  suggest  ways 
in  which  the  method  of  Art.  465,  p.  428,  may  be  used  to  find 
grade  elevations  at  points  in  any  given  row. 

(e)  Method  of  procedure.  (1)  Draw  a  diagram  of  the  rect- 
angles as  laid  out  in  the  field,  not  necessarily  to  scale  but  large 
enough  so  that  the  shortest  side  of  a  rectangle  is  at  least  an 
inch.  (2)  At  each  comer  mark  the  elevation  of  the  original 
surface  as  obtained  from  the  field  notes.     (3)  Calculate  the  ele- 
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vation  of  the  graded  surface  at  each  comer  and  put  the  result 
on  the  diagram  directly  under  the  original  elevation.  (4)  Sub- 
tract on  the  diagram  the  original  elevations  from  the  grade 
elevations  (or  vice  versa  if  it  is  fill  instead  of  cut),  thus  getting 
the  comer-heights.  ^(5)  Sum  up  all  the  comer-heights  in  the 
perimeter  used  once;  sum  up  all  those  used  twice  and  multiply 
by  2;  sum  up  all  those  used  three  times  and  multiply  by  3; 
this  will  take  into  account  all  points  in  the  perimeter;  sum  up 
all  interior  corner-heights  and  multiply  by  4.     (6)  Simi  up  cdl 

the  results  obtained  in  (5)  and  multiply  by  rrrrr ,  where  A  =  area  in 

lUo 

square  feet  of  unit  rectangle — the  result  is  the  total  volume  in 

cubic  yards. 

When  the  outline  of  the  entire  area  is  not  rectangular  this 

method  of  procedure  must  be  modified.     (See  Fig.  467  (g).) 

(/)  Stioqettions.  Any  systematic  method  of  procedure  may  be  followed 
in  place  of  that  given,  provided  that  comer-heights  are  correctly  calculated 
and  that  there  is  no  confusion  as  to  the  number  of  times  each  corner-height 
is  used.  There  is  always  danger  of  omitting  a  corner-height  altogeliier, 
hence  in  step  (5)  arrange  comer-heights  in  four  columns  according  to  whether 
they  are  used  once,  twice,  thrice,  or  four  times,  taking  interior  corners  in 
order,  vertically  or  horizontally.  Before  adding,  see  if  each  of  the  quan- 
tities in  the  four  columns  agrees  with  the  corresponding  quantity  on  the 
diagram;  if  it  does  put  a  check-mark  near  the  latter,  and  finally  inspect 
the  diagram  to  see  if  there  are  any  corner-heights  without  check-marks. 

(g)  When  the  outline  of  an  area  is  not  rectangular,  as  in  Fig. 
467  (g),  it  cannot  be  subdivided  into  squares  or  rectangles,  but 
as  much  as  possible  of  the  cal- 
culation is  done  by  the  method 
of  the  preceding  article,  and  the 
rest  by  finding  the  volmnes  of 
the  irregular  solids  aroimd  the 
edges.  Thus  in  Fig.  467  (g)  the 
unshaded  portion  was  divided 
into  50-ft.  squares  and  the  cor- 
responding volume  computed 
by  the  preceding  method.  Ex- 
tending the  lines  to  the  bound- 
aries,   a   number   of    irregular 

areas  are  formed  (indicated  by  cross-lines).  From  each  area 
and  the  corresponding  comer-heights  the  volmne  of  the  corre- 
sponding prism  may  be  found,  and  the  sum  of  these  volumes 
added  to  the  volume  of  the  unshaded  portion.  In  the  majority 
of  cases  the  irregular  areas  will  be  trapezoids;  the  middle  bei^bt^ 
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of  each  trapezoid  (computed  or  scaled)  multiplied  by  the  base 
gives  the  area,  and  this  area  multiplied  by  the  mean  of  the  cor- 
responding comer-heights  gives  the  volume.  In  Fig.  467  (g) 
all  the  shaded  areas  are  trapezoids  except  the  two  in  the  upper 
comers  (double-cross-lined),  and  each  of  these  may  be  divided 
into  a  trapezoid  and  a  triangle. 

When  a  cut  or  fill  "nms  out  to  zero"  the  boundary-line  is 
u::ually  irregular,  as  shown  by  the  dotted  line.  (See  Fig.  468.) 
In  a  perfectly  general  case  of  this  kind  all  four  sides  of  the 
figure  would  be  bounded  by  irregular  lines,  but  the  method 
would  still  hold  good. 

(,h)  Suggestions.  Good  judgment  in  choosing  the  size  of  the  unit  square 
or  rectangle,  and  in  planning  the  general  arrane;ement,  will  save  work 
both  in  the  field  and  in  the  office.  The  surface  within  a  unit  area  should 
be  approximately  a  plane,  and  the  aim  should  be  to  have  the  smallest 
number  of  comers  consistent  with  this  rule.  (See  Remark,  p.  430.)  Fre- 
quently large  unit  areas  can  be  used  for  the  greater  portion  of  the  work 
where  the  ground  is  even,  smaller  unit  areas  being  adopted  for  places 
where  the  ground  is  uneven. 

In  irery  uneven  ground  the  assumption  that  the  four  comers  of  a  unit 
area  lie  in  the  same  plane  is  seldom  true,  but  any  three  points  will  lie 
in  a  plane,  hence  better  results  may  be  obtained  by  subdividing  each  unit 
square  or  rectangle  into  two  triangles  by  drawing  that  one  of  the  two 
diagonals  which  more  nearly  fits  the  ground.  Each  corner-height  will 
then  be  used  as  many  times  as  there  are  triangles  meeting  at  that  comer. 
(Why  cannot  this  number  exceed  eight?)  Formula  II,  p.  430,  then  be- 
comes 

A  (Ihi  +  2Ih2 + 3Ih3  +  etc..  .  .  .  Slhg) 


V  (in  cu.  yds.)  = 


6X27 


(III) 


in  which  A  is  the  area  of  a  unit  rectangle  or  square,  and  the  subscripts  denote 
the  number  of  triangles  meeting  at  a  comer. 

468.  Estimates  of  Cut  and  Fill.    In  Figs.  467  (a)  and 
467  (g)  it  was  assumed  that  the  graded  or  finished  surface  would 

be  entirely  below  or  above 
the  original  surface,  i.e.,  that 
the  grading  would  be  all  cut 
or  all  fill.  More  often  in 
practice  the  problem  is  one 
in  both  cut  and  fill.  Sup- 
pose that  in  Fig.  468  the 
elevations  of  the  ground  at 
all  comers  of  the  squares 
have  been  ascertained,  and 
it  is  desired  to  grade  down 
to  an  elevatioii  of  20  ft. 
above  datunu  Let  the  outside  broken  line  represent  the  bound- 
ary of  the  area  to  be  graded.    Suppose  that  the  elevations  of 
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all  the  comers  within  the  shaded  area  are  above  20  ft.  and  those 
in  the  unshaded  area  are  below  20  ft.  Then  there  must  be  a  line 
somewhere  between  (represented  by  the  inside  broken  line) 
which  passes  through  points  of  exactly  20  ft.  elevation,  i.e.,  a 
line  at  grade,  corresponding  to  a  20-ft.  contour.  Points  through 
which  this  line  passes  may  be  determined  by  interpolation  as 
explained  below.  The  volume  of  cut  (shaded  area)  and  the 
volw-ie  of  fiU  (unshaded  area)  can  each  be  calculated  by  the 
method  of  the  preceding  article,  and  the  difference  between  the 
two  is  the  amount  of  earth  which  must  be  "borrowed"  or 
taken  away,  according  to  whether  the  fill  or  the  cut  is  in  excess, 
assmning  that  no  allowance  is  made  f®r  shrinkage  or  expansion. 

Remark.  In  the  above  illustration  the  finished  surface  is  level,  hence 
the  grade  elevation  at  any  point,  as,  for  example,  at  any  comer  of  any 
square  or  at  any  point  between  corners,  is  20  ft.  The  interpolation 
for  any  point,  as  a,  is  very  simple,  since  its  elevation  must  be  20  ft.  (See 
Fig.  469  for  method.)  When  the  finished  surface  is  inclined  the  grade 
elevations  at  the  comers  of  the  squares  will  differ,  but  once  the  cut  or  fill 
at  each  comer  is  known  the  work  of  interpolation  is  no  more  difficult  than 
for  a  level  grade. 

Sometimes  portions  of  the  outside  boundary-line  are  determined  by  the 
pcnnts  where  the  grade  "runs  out,"  i.e.,  where  there  is  neither  cut  nor 
fill.     In  such  a  case  these  points  may  also  be  found  by  interpolation. 

469.  Interpolation,  (a)  Let  the  elevations  of  the  surface 
of  the  ground  at  A  and  B,  two  comers  of  a  square,  be  19.2  and 
22.1  respectively.  Suppose  that  the  graded  or  finished  surface 
is  level  and  its  elevation  is  20  ft.  It  is  required  to  find  a  point 
on  the  line  AB  where  the  existing  surface  is 
intersected  by  the  graded  surface,  assmning 
the  former  to  slope  imiformly  from  A  to  B, 
There  are  several  methods,  arithmetical, 
graphic,  and  mechanical,  based  on  the  prop- 
erties of  similar  triangles.  One  of  the  sim- 
plest graphic  methods  is  shown  in  the  figure. 
At  A  19.2-20«  -0.8  (fill),  and  at  B  22.1  -  p^^  459^ 

20 «  +2.1  (cut),  hence  lay  off  to  any  scale 
8  units  in  one  direction  and  21  imits  in  the  opposite  direction, 
lay  down  a  straight-edge  between  the  points  thus  obtained  (in- 
dicated by  the  broken  line),  and  mark  the  required  point  C. 
Since  the  8  units  and  the  21  units  may  be  laid  off  on  any  two 
parallel  lines  through  A  and  B,  it  saves  time  to  use  the  sides 
of  the  square,  and  points  can  be  interpolated  in  a  case  Hke  that 
of  Fig.  469  without  drawing  any  lines  whatever.  This  method 
Ib  equivalent  to  plotting  a  vertical  section  through  A  and  B  in 
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which  A'B'  is  a  level  line  of  20-ft.  elevation,  a  a  point  0.8  ft, 
below  this  line,  and  6  a  point  2.1  ft.  above  it. 

In  other  words  the  fill  (—0.8)  is  laid  off  in  one  direction  and 
the  cut  (+2.1)  is  laid  off  in  the  other.  It  is  well,  therefore, 
before  beginning  to  interpolate  to  go  over  the  plot  and  mark 
the  amount  of  cut  or  fill  at  each  comer. 

(6)  When  the  grade  is  not  level,  (1)  Find  the  grade  elevation 
at  each  comer.  (2)  Find  the  cut  or  fill  at  each  comer.  (3)  Pro- 
ceed as  above,  i.e.,  lay  off  the  fill  in  one  direction,  the  cut  in 
the  other  on  parallel  lines,  and  lay  a  straight-edge  between  the 
points  thus  obtained;  it  will  cross  the  side  of  the  square  in  the 
required  point.     (Draw  a  figure  and  prove  this.) 

Note.     For  other  methods  of  interpolation  see  page  497. 

470.  Prismoids.  Definition,  "A  prismoid  is  a  solid  having 
for  its  two  ends  any  dissimilar  parallel  plane  figures  of  the  same 
number  of  sides,  and  all  the  sides  of  the  solid  plane  figures 
also."  Any  prismoid  may  be  resolved  into  prisms,  pyramids, 
and  wedges,  the  common  altitude  of  which  is  the  perpendicular 
distances  between  the  two  parallel  end  planes. 

Many  excavations  and  embankments,  especially  those  which 
occur  in  the  const  ruction  of  roads  and  railroads,  are  more  nearly 
prismoids  than  prisms.  There  are  several  methods  of  comput- 
ing the  volume  of  a  prismoid.  Two  of  the  most  conunon  are 
indicated  by  the  following  formulas,  in  which  A^  and  A^  repre- 
sent the  areas  of  the  two  parallel  end  faces,  M  the  area  of  the 
middle  section  parallel  to  the  end  planes,  and  I  the  length  or 
perpendicular  distance  between  the  end  planes: 

Endrarea  Formvla:  V  (in  cu.  yds.) = §  (-^i + -^2)  X  27"  •  (^V) 
Prismmdal  Formula:  7(in  cu.ydB.)==J(^i+4M"+A2)X^.    (V) 

The  "end-area  formula"  gives  approximate  results,  close 
enough  for  rough  estimates,  and  is  in  general  use.  The  ''pris- 
moidal  formula"  is  of  wide  application,  since  it  gives  the  cor- 
rect volume  of  any  solid  bounded  by  two  parallel  plane  faces, 
and  defined  by  the  surfaces  generated  by  a  straight  line  moving 
upon  the  perimeters  of  these  faces  as  directrices.  It  is  used  as 
a  basis  for  earthwork  computations  in  ^railroad  work,  and  it 
would  be  used  more  eictensively  than  it  is  were  it  not  for  the 
extra  labor  involved  in  finding  M,  The  area  M  is  not  the  mean 
of  Ai  and  A^,  but  each  of  its  linear  dimensions  is  the  average  ol 
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the  corresponding  dimensions  of  A^  and  A^^  and  from  these 
linear  dimensions  the  area  M  is  found.  The  middle  section  is 
sometimes  measured  on  the  ground;  or  in  a  series  of  such  sec- 
tions, equally  spaced,  each  alternate  section  may  be  taken  as 
M,  and  the  length  of  the  prismoid  as  twice  the  distance  between 
cross-sections.  For  a  continuous  line  of  earthwork  the  pris- 
moidal  formula  then  becomes: 

V^'^(A,+^A,-\-2A,+4A,+2A,4.^A^...+An).  .  VI 

In  ordinary  cross-sectioning  it  is  customary  to  take  elevations 
of  the  surface  of  the  groimd  at  three  points  (middle  point  and 
two  side  points),  on  a  line  at  right  angles  to  the  center-line,  at 
every  100-ft.  station,  unless  a  sudden  change  in  the  ground 
requires  an  intermediate  cross-section.  For  "three-level"  see. 
tions  the  work  of  computation  is  simplified  by  finding  the 
volume  first  by  the  inexact  method  of  "end  areas"  and  then 
applying  a  "prismoidal  correction".  The  work  is  further 
shortened  by  the  use  of  diagrams.* 

471.  Estimating  Cut  and  Fill  from  a  Contour  Map. 
There  are  several  methods  in  which  approximate  estimates  for 
grading  can  be  made  from  contour  maps. 

(a)  First  Method,  In  Fig.  471  (a)  the  contours  of  the  existing 
suiiace  are  represented  by  full  lines.  The  figures  around  the 
outside  of  the  bounding  lines 
give  the  grade  elevations  at 
those  points,  and  hence  the 
straight  lines  represent  con- 
tours of  the  finished  or 
graded  surface  at  one-foot 
intervals.  At  every  point 
where  a  straight  line  inter- 
sects a  contour  of  the  exist- 
ing surface  the  cut  or  fill  can 
be  found  by  simply  subtract- 
ing the  elevation  of  the 
straight  line  from  the  eleva- 
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tion  of  the  contour.    By  joining  points  of  equal  cut  or  fill,  a 


*  For  prismoidal-correction  formulas  and  for  complete  discussions  of  the 
whole  subject  of  earthwork  calculation  consult  books  on  railroad  surveying 
such  as  Webb's  "Railroad  Construction"  (John  Wiley  icUona),  or  Alltm'fl 
''Railroad  Curves  and  Earthwork"  (Spon  &  Chamberlain,  New  York). 
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set  of  lines  is  obtained  (represented  by  broken  lines  in  Fig. 
471  (a))  which  are  the  horizontal  projections  of  lines  cut  from 
the  existing  surface  by  planes  parallel  to  the  finished  surface. 
In  this  case  these  planes  are  one  foot  apart,  measured  vertically. 
The  layer  of  earth  between  any  two  of  these  parallel  planes  is  a 
solid  having  for  its  two  parallel  bases  the  irregular  areas  en- 
closed by  the  two  corresponding  broken  lines,  and  for  its  alti- 
tude the  vertical  distancie  of  one  foot.  The  volume  of  this 
solid  may  be  obtained  by  the  end-area  method  or  by  the  pris- 
moidal  formula,  the  irregular  areas  being  found  from  the  map 
by  scaling  and  computing  or  by  the  use  of  the  planimeter. 
The  smn  of  the  volumes  of  all  the  layers  is  the  total  volume 
required. 

(6)  lUuBtration.  The  line  passing  through  the  points  marked  5  in 
Fig.  471  (a)  is  the  horizontal  projection  of  a  line  on  the  existing  surface 
which  encloses  an  imaginary  irregular  surface  that  is  parallel  to  and  5  ft. 
above  the  finished  surface.  Likewise  the  line  through  points  marked 
6  represents  the  boundary  of  an  imaginary  surface  parallel  to  and  6  ft. 
above  the  finished  surface.  The  area  enclosed  by  the  5-ft.  line  and  the 
area  between  the  6-ft.  line  and  the  top  and  left  bounding  line  are  ascer- 
tained, and  the  volume  between  these  two  irregular  surfaces  computed  as 
explained  above.  The  volumes  of  the  other  layers  may  be  found  in  a 
similar  manner. 

(c)  Second  Method,     (1)  Divide  the  map  into  imit  squares  or 

unit  rectangles  by  ruled  lines.  (2)  Find  by  interpolation  the 
elevation  of  the  existing  surface  at  the  comers  of  each  unit 
square.  (This  is  done  by  a  method  the  reverse  of  that  ex- 
plained in  Art.  469,  p.  433.)  (3)  Ascertain  the  grade  elevation 
at  each  comer  and  then  the  comer-height.  (4)  Calculate  the 
volume  by  the  method  of  Art.  467,  p.  429. 

((2)  Remark.  The  two  preceding  methods  are  used  most  in  estimates 
where  the  finished  or  graded  surface  is  a  plane — level  or  inclined.  For 
warped  or  undulating  surfaces,  or  for  structures  like  dams  or  reservoirs 
and  terraces  having  regular  outlines,  another  method  (given  below)  is 
often  used. 

(e)  Third  Method,  (1)  Make  an  accurate  map  on  which  the 
existing  surface  of  the  ground  is  shown  by  contours  drawn  in 
black  ink.  (2)  On  this  map  lay  out  contours  in  red  ink  which 
correspond  in  elevation  to  those  in  black  ink,  but  which  repre- 
sent the  finished  or  graded  surface.  If  this  final  surface  is  to 
be  curving  or  imdulating,  the  red-ink  contours  will  be  curving 
lines,  but  if  it  is  a  surface  composed  of  plane  faces,  like  the  in- 
side slopes  of  a  rectangular  reservoir,  the  red-ink  contours  will 
be  a  series  of  straight  lines.*     (3)  The  area  enclosed  by  a  red- 


♦  See  Raymond's  "Plane  Surveying"  (American  Book  Ck).,  New  York), 

•■   (John  Wiley  &  Sons),  p.  446, 
»  a  reservoir. 


p.  286,  or  Johnson's  "Plane  Surveying"   (J 
tor  an  illustration  of  this  method  applied  to  i 
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ink  contour  and  a  black-ink  contour  of  the  same  elevation  is 
the  horizontal  area  of  the  cut  or  fill  at  that  elevation.  (4)  The 
layer  of  earth  between  two  of  these  successive  areas  is  approxi- 
mately a  prismoid,  the  altitude  of  which  is  the  contour  interval. 
The  volumes  of  successive  layers  may  be  obtained  by  the  end- 
area  method  or  by  the  prismoidal  formula,  but  if  the  latter  is 
used  it  is  better  to  consider  every  other  area  as  a  middle  area, 
and  the  height  of  the  prismoid  as  ttuice  the  contour  interval. 
Areas  are  usually  found  from  the  map  by  means  of  the  pla- 
uimeter. 


CHAPTER  XXXVI 

THE  USE  OF  THE  DRAWING  INSTRUMENTS  ♦ 

In  this  chapter  are  given  such  directions  and  suggestions  for  the  use  of 
drawing  instruments  as  are  of  special  importance  in  mapping. 


472.  Use  of  the  Pencil.     (1)  Use  a  6-H  pencU  for  ordinary 

map-drawing,  but  for  penciling  directly  on  tracing-cloth  a  3-H 

pencil  (or  softer)  is  better.    Sharpen  as  follows:   Cut  the  wood 

back  a  little  more  than  an  inch  at  each  end  of  the  pencil,  leav^ 

ing  at  least  f  in.  of  lead  exposed.    Sharpen  the  lead  at  one  end 

to  a  long  thin  wedge  by  rubbing  the  flat  sides  on  fine  sandpaper 

alternately  as  in  sharpening  a  knife,  imtil  they  taper  gradually 

from  the  wood  to  a  knife-edge.    Sharpen  the  lead  at  the  other 

end  to  a  long  cone-shaped  point  by  rolling  the  lead  as  it  is 

rubbed. 

Remark.  The  above  directions  are  made  explicit  because  so  many 
students  neglect  to  sharpen  their  pencils  properly.  It  is  precticaUy  im- 
possible to  do  accurate  work  in  plotting  with  a  lead  that  is  dull  or  soft- 
dear  hair-lines  are  absolutely  essential. 

(2)  Draw  lines  so  close  to  the  ruling  edge  that  they  are 
scarcely  visible  until  the  edge  is  moved  away.  To  insure  this, 
it  may  be  necessary  to  incline  the  top  of  the  pencil  slightfy  out- 
ward, thus  bringing  the  flat  side  of  the  lead  in  contact  with  the 
lower  corner  of  the  rub'ng  edge.  The  pencil  should  be  held 
nearly  vertical,  and  it  should  be  dravm,  not  pushed.  Do  not 
use  the  cone-shaped  lead  for  ruling  lines — it  will  wear  off  too 
fast;  keep  it  sharp  for  marking  points. 

473.  Use  of.  the  T-square.  (1)  Make  sure  that  the  upper 
edge  of  the  blade  is  straight  ,t  and  do  not  use  the  lower  edge 
unless  it  is  known  to  be  truly  parallel  t    the  upper  edge. 

♦This  chapter  is  taken  largely  from  a  similar  chapter  in  the  authoi's 
*An  Introductory  Course  in  Mechanical  Drawing"  (American  Book  Co.). 
The  student  is  referred  to  that  book  for  a  more  complete  treatise  on  the 
use  of  drawing  instruments. 

t  To  test  an  edge  for  straightness  draw  a  fine  hair-line  in  exact  contact 
with  the  edge,  and  then  turning  the  T-square  end  for  end,  see  if  the  same 
edge  ooincides  with  the  line  throughout  its  length. 
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(2)  Use  the  T-square  against  the  left-hand  edge  of  the 
board  for  horizontal  lines,  and  acquire  the  habit  of  feeling  the 
head  in  perfect  contact  with  the  edge  before  starting  to  draw 
a  line. 

(3)  Do  not  use  the  T-square  with  its  head  against  the  right- 
hand  edge  of  the  board  unless  you  draw  with  your  left  hand. 

(4)  Do  not  draw  vertical  lines  by  placing  the  head  of  the 
T-square  against  the  top  or  bottom  of  the  board  except  in 
lough  work,  for  adjacent  edges  of  the  ordinary  drawing-board 
are  seldom  exactly  at  right  angles  to  each  other. 

(5)  In  drawing  long  oblique  lines  it  is  sometimes  necessary 
to  turn  the  T-square  over  in  order  that  it  may  lie  jflat.  In  that 
case  use  the  edge  of  the  blade  which  is  known  to  be  straight 
and  take  extra  pains  to  keep  the  blade  from  slipping. 

474.  Use  of  the  Tr5angles.*  (1)  In  drawing  a  line  through 
a  point  the  comer  of  the  triangle  should  never  be  at  the  point. 
For  example,  do  not  erect  a  perpendicular  to  an  oblique  line 
by  fitting  one  edge  of  a  triangle  against  the  line  and  drawing 
the  perpendicular  along  another  edge  without  moving  the 
triangle,  but  fit  one  edge  to  the  line,  bring  the  edge  of  a  second 
triangle  or  the  edge  of  a  T-square  into  contact,  and  sUde  the 
first  triangle  until  the  perpendicular  passes  through  the  point. 
Another  method  is  to  fit  the  hypothenuse  of  a  triangle  to  the 
line,  and  bringing  a  straight  edge  into  contact  with  a  second 
side,  tmn  the  triangle  until  its  third  side  is  in  contact  with  the 
stationary  edge,  thus  bringing  the  hypothenuse  perpendicular 
to  the  given  line.  In  either  method,  exercise  great  care  to  keep 
the  stationary  straight  edge  from  slipping. 

(2)  By  placing  the  45°  triangle  against  the  horizontal  edge 
of  a  T-square  and  the  30®  or  60°  triangle  against  the  edge  of  the 
45**  triangle,  15°  and  75°  lines  can  be  drawn. 

(3)  In  drawing  a  line  parallel  to  a  given  line,  slide  the  tri- 
angle along  the  edge  of  the  T-square  if  the  lines  are  too  far 
apart  to  use  the  usual  combination  of  two  triangles. 

(4)  It  is  difficult  to  make  the  edge  of  a  triangle  pass  through 
a  point  Of  coincide  with  a  line  if  that  edge  casts  a  shadow. 

♦  A  new  triangle  should  always  be  tested.  The  right  angle  may  be 
tested  by  placing  one  edge  against  the  T-square  and  drawing  a  vertical 
line  along  the  other  edge.  Turn  the  triangle  overj  placing  the  same  edge 
against  the  T-square,  and  if  the  triangle  is  not  right-angled  the  vertical 
edge  will  not  <Joincide  with  the  vertical  line.  A  60°  angle  may  be  tested 
by  constructing  an  equilateral  triangle  wholly  with  the  triangle  and  T» 
aqoai^.    Similwr  tests  will  suggest  themselves  for  30**  or  45°. 
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Avoid  shadows  by  turning  the  drawing-board  or  by  working 
from  different  sides  of  the  board. 

475.  Use  of  the  Scale.  The  scale  commonly  used  in  map- 
ping is  the  decimal  scale.  The  form  reconmienaed  is  the  tri« 
angular  scale  in  which  the  smallest  divisions  on  the  six  sides 
are  respectively  ^,  ^,  ^,  ^,  ^,  and  ^  of  an  inch.  In  uedng 
the  scale  for  plotting  do  no^  reduce  measurements  byarithmetiCy 
but  read  distances  directly  from  the  scale  itself  by  changing  in 
the  mind  the  value  of  each  division  on  the  scale. 
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Fig.  475. 


Illustration,  The  smallest  division  on  the  upper  edge  of  the  scale. 
Fig.  475,  is  2^0  of  an  inch.  When  plotting  20  ft.  to  the  inch  consider  «acli 
of  these  divisions  as  representing  one  foot.  The  portion  to  the  right  oi 
the  break  is  at  the  center  of  a  12-inch  scale,  and  the  *'20"  marked  in  large 
numerals  indicates  the  number  of  divisions  to  the  inch.  On  the  lower 
scale  the  *  30"  indicates  that  each  inch  is  divided  into  thirty  parts.  The 
other  four  edges  of  the  scale  not  shown  in  the  figure  are  marked  at  the 
center  10.  40,  50,  and  60  respectively. 

In  reading  the  scale  simply  add  a  cipher  to  the  nearest  numbw  pre- 
ceding the  point.  The  distance  in  feet  that  each  arrow  in  Fig.  476  is  uom 
the  zero-point  is  indicated  by  the  corresponding  number. 

To  plot  100  ft.  to  the  inch  uee  the  50  side  and  double  the  value  of  each 
division,  i.e.,  s^^  in.  =  2  ft.  To  plot  200  ft.  to  the  inch,  let  each  1^  in.»4  ft.; 
300  ft.  to  the  inch,  ^g  in.  =-5  ft.,  or  A  in.  =  10  ft.,  and  so  on. 

For  additional  suggestions  for  using  the  scale  see  p.  448. 

476.  Use  of  ^he  Ruling-pen.  (1)  Never  begin  to  ink  a 
drawing  until  the  ruling-pen  can  be  relied  upon  to  produce  a 
clear  clean-cut  line.  If  good  ink  is  used  and  the  pen  is  properly 
held,  a  ragged  line  indicates  that  the  nibs  are  not  exactly  of 
the  same  length  or  that  they  are  not  sharp.  A  nib  which  is 
too  short  or  too  dull  will  leave  its  side  of  the  line  more  or  less 
broken.  The  best  of  pens  become  dull  with  use,  and  the  drafts- 
man should  keep  his  pen  sharp. 

(2)  Hold  the  pen  almost  perpendicularly,  thumlhscrew  owi, 
both  nibs  pressing  evenly  on  the  paper,  and  with  the  top  in- 
clined slightly  m  the  direction  in  which  it  is  moved.     (The  tend- 
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ency  is  to  incline  it  too  much.)  Acquire  a  certain  "touch" 
which  brings  the  pen  ligUly  but  firmly  in  contact  with  the  ruling 
edge.  Endeavor  to  get  into  the  easiest  position  in  which  to 
ink  a  line,  even  though  it  is  necessary  to  walk  around  the  draw- 
ing. In  this  way  the  ruling  edge  may  be  kept  between  the  line 
and  the  body,  so  that  in  moving  the  pen  the  tendency  is  to 
draw  it  against  the  ruling  edge  rather  than  away  from  it.  Thus 
the  pen  will  cling  to  the  edge  without  that  excessive  pressure 
which  pushes  the  nibs  together  and  causes  the  width  of  line  to 
vary.  Steady  the  hand  by  sliding  on  the  end  of  the  little 
finger.  The  pen  should  be  moved  from  left  to  right  and  should 
be  drawTij  not  'pushed.  See  that  there  are  no  small  particles  of 
dust  or  lint  in  its  path. 

(3)  Adjust  the  nibs  of  the  pen  to  the  width  of  line  most  often 
used  in  map-drawing,  and  make  a  fine  scratch  across  the  milled 
head  of  the  adjusting-screw,  so  that  by  noting  the  position  of 
this  scratch  the  nibs  can  be  set  quickly  to  this  width  of  line 
or  to  one  either  twice  as  wide  or  half  as  wide.  When  the  pen 
is  once  set  at  the  proper  width  avoid  changing  its  nibs  until  all 
lines  of  that  width  are  inked. 

(4)  Tack  a  cloth  to  the  drawing-desk  and  clean  the  pen  fre- 
quently when  in  use  by  forcing  the  cloth  out  through  the  nibs 
without  disturbing  the  adjusting-screw.  Keep  the  pen  bright 
and  clean  when  not  in  4ise,  as  ink  left  to  dry  in  the  pen  will 
almost  singly  corrode  the  points. 

(a)  To  sharpen  a  pen  use  a  thin  oil-stone.  Screw  the  nibs  of  the  pen 
cloee  together,  and  draw  the  pen  across  the  stone  a  few  times  precisely 
as  if  drawing  lines,  but  changing  the  inclination  of  the  pen  from  one  side 
of  the  vertical  to  the  other,  so  as  to  keep  a  rounded  point.  This  will  make 
the  nibs  of  equal  length  but  dull.  Unscrew  the  nibs  and  sharpen  each  of 
them  separately  by  rubbing  its  ovter  side  on  the  stone  with  a  rotary  motion, 
a»  if  sharpening  a  knife,  taking  care  to  hold  the  pen  at  a  small  angle  with 
the  horizontal — almost  flat.  The  burr  on  the  inside  of  the  nibs  may  be 
removed  by  a  stroke  or  two  on  the  stone,  or  with  a  flat  file. 

477.  Use  of  Dividers.  Dividers  are  used  chiefiy  for  divid- 
ing a  line  into  equal  parts  and  for  transferring  distances  from  * 
one  map  to  another,  or  from  one  part  of  a  map  to  another  part 
of  the  same  map.  They  should  not  he  used  for  transferring  dis* 
tances  from  scale  to  paper — a  method  both  slow  and  inaccurate. 
Whenever  possible  use  the  scale  in  preference  to  the  dividers. 

Proportional  dividers  are  used  to  transfer  measurements  to  an 
enlarged  or  reduced  scale.  Thus  if  the  measurements  are  to 
be  reduced  one  third,  the  dividers  are  adjusted  so  that  any 
distance  included  between  one  pair  of  points  is  always  one 
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third  of  the  distance  included  between  the  pair  of  points  at 
the  other  end  of  the  dividers. 

478.  Use  of  the  Compasses.  (1)  The  leads  that  come  with 
compasses  are  often  too  soft  for  accurate  work.  Cut  off  two 
inches  or  so  of  a  6-H  pencil,  take  out  the  lead,  sharpen  it  to  a 
fine  cone-shaped  point,  and  keep  it  sharp  by  rubbing  it  fre- 
quently on  a  file  or  sand-paper. 

(2)  Adjust  the  pivot-needle  so  that  it  will  be  right  for  the 
pen  and  do  not  disturb  it  thereafter,  but  adjust  the  lead  to  the 
pivot-needle.  The  shoulder  of  the  needle-point  will  then  be  at 
the  end  of  the  pen-point  or  the  pencil-point  when  the  compass- 
legs  are  together,  and  the  pencil  alone  will  need  readjustment 
from  time  to  time  as  it  wears  off. 

(3)  Bend  the  legs  of  the  compasses  until  each  is  perpendicular 
to  the  paper  when  the  arc  is  drawn,  especially  in  inking,  for  in 
no  other  way  can  the  nibs  of  the  pen  be  made  to  bear  evenly 
on  the  paper. 

(4)  Guide  the  pivot-needle  to  place  with  a  finger  of  the  left 
hand,  be  sure  it  is  set  before  starting  the  arc,  lean  the  com- 
passes a  little  in  the  direction  of  revolution,  let  the  handle  roll 
between  the  thumb  and  forefinger,  ink  the  circle  with  one  con- 
tinuous motion,  and  stop  the  pen  at  the  end  of  one  revolution 
lest  the  line  be  made  uneven  by  further  inking. 

(5)  Use  bow-compasses  for  very  small  circles,  the  lengthen- 
ing bar  for  large  circles,  and  beam-compasses  for  circles  too 
large  to  be  drawn  with  ordinary  compasses. 

(6)  Note  that  the  directions  for  filling,  cleaning,  and  sharpen- 
ing the  ruling-pen  apply  to  the  compass-pen  also. 

479.  Use  of  the  Curve-ruler.  (1)  It  is  assumed  that  points 
have  been  plotted  close  enough  together  to  determine  the  curve 
completely.  First  draw  the  curve  in  pencil,  using  a  hair-line 
and  noting  which  portions  of  the  curve-ruler  are  used.  Ink  in 
small  portions  of  the  curve,  keeping  the  blades  of  the  ruling- 
pen  tangent  to  the  curve  by  turning  the  handle;  as  the  curve- 
ruler  will  coincide  with  the  pencil  outline  for  a  short  distance 
only,  great  care  is  necessary  to  make  the  different  sections 
join  well.  To  insure  a  smooth  curve  it  is  well  to  let  the  edge 
of  the  ruler  coincide  with  a  small  portion  of  the  curve  beyond 
the  points  where  any  particular  «jection  is  begun  or  stopped. 

In  inking  narrow  ellipses,  parabolas,  and  similar  curves  with 
a  sharp  turn,  the  common  difficulty  is  to  avoid  a  slight  angular 
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break  in  the  curve  at  the  turn.  The  part  of  the  ruler  used  for 
one  side  of  the  bend  should  be  such  that  if  a  line  were  continued 
it  would  nearly  coincide  with  the  curve  for  a  short  distance  the 
other  side  of  the  bend,  so  that  when  the  ruler  is  reversed  for  the 
curve  on  the  other  half  of  the  turn  the  angular  break  referred 
to  should  not  occur.  A  small  portion  of  a  narrow  turn  can 
usually  be  drawn  better  with  the  bow-compasses  than  with  the 
curve-ruler. 

Flexible  curves  which  can  be  adjusted  to  any  curved  line, 
and  hard-rubber  splines  held  in  place  by  weights,  are  useful  for 
inking  curves,  especially  irregular  lines  and  those  of  gentle 
curvature.  These  ciu^es  are  sold  by  dealers  in  drawing  instru- 
ments. 

480.  The  Use  of  the  Pantograph.  Thie  pantograph  is  an 
instrument  for  copying  drawings  to  the  same,  a  larger,  or  a 
smaller  scale.  The  theory  is  based  on  the  following  proposition : 
If  any  parallelogram  is  jointed  at  the  comers,  as  A,  C,  D,  and  E 
(Fig.  480),  and  the  four  sides  (produced  if  necessary)  are  cut  by 
a  straight  line,  the  four  points  thus  obtained  will  continue  to  lie 
in  a  straight  line  no  matter  how  much  the  angles  of  the  parallel- 
ogram may  be  changed.  Moreover,  the  distances  between 
these  points  will  remain  in  a  constant  ratio  to  each  other. 

In  the  pantograph.  Fig.  480,  two  of  the  sides  are  cut  by  the 


Fig.  480. 

straight  line  at  their  intersection  A,  while  the  other  two  are  cut 
at  F  and  B  respectively.  Hence  if  i^  is  fixed  and  A  is  moved 
to  any  point  as  A',  the  point  B  will  move  to  a  point  B'  in  a 
straight  line  with  F  and  A'.  Moreover  FA:FB::FA':FB\ 
Hence  AA':BB'::FA:FB, 
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(a)  JUuatfiilion.  Suppose  the  parallelogram  is  adjusted  at  the  points 
C  and  E  so  that  FB  =  2FA.  Then  if  a  point  is  moved  along  any  line  A  A' 
the  pencil  at  B  will  move  parallel  to  it  along  a  line  BB'  twice  the  length 
of  AA\  It  matters  not  whether  the  line  AA  is  straight,  curved,  or  irreg- 
ular, and  hence  if  the  point  A  is  moved  over  any  outline  a  pencil  at  B 
will  reproduce  a  similsu*  outline  twice  as  larse.  Conversely,  if  a  point 
at  £  is  moved  over  any  outline  a  pencil  at  A  will  reproduce  a  similar  outline 


half  as  large.     If  A  is  made  the  fixed  point  and  either  F  or  B  is  moved  over 
any  outline  the  remaining  point  will 
same  size,  but  in  an  invertea  position. 


any  outline  the  remaining  point  will  reproduce  a  similar  outline  of  the 


?>)  To  set  the  pantograph.  (1)  If  the  original  drawing  is  to 
be  enlarged,  put  the  pencil  at  B  and  the  tracing-point  at  A, 
and,  vice  versa,  if  the  drawing  is  to  be  reduced,  put  the  pencil 
at  A  and  the  tracing-point  at  B,  (2)  Whatever  the  setting, 
remember  that  the  portion  ACDE  must  form  a  parallelogram 
and  that  F,  A ,  and  B  must  lie  in  the  same  straight  line.  (3)  Vari- 
ous pantographs  have  different  systems  of  marking  the  arms 
for  purposes  of  setting.  The  best  test,  however,  is  to  measure 
the  distances  FA  and  FB,  Thus  to  enlarge  three  times,  FB 
must  equal  3FA;  to  enlarge  IJ  times,  FB^l^FA;  to  reduce 
If  times,  FB=llFA,3knd  so  on.  (4)  To  reproduce  exact  size, 
make  A  the  fixed  point,  and  FA  =  AB,  The  pencil  may  then 
be  put  at  either  F  or  B. 

G 


FiQ.  480  (c). 
(c)  Another  form  of  pantograph  is  shown  in  Fig.  480  (c).  Two 
sides  of  the  parallelogram  CDFE  are  cut  by  the  straight  line  at 
A  and  B,  while  the  other  two  sides  are  cut  at  F.  These  three 
points,  therefore,  are  always  ui  the  same  straight  line  and  may 
be  used  exactly  as  the  three  correspondmg  points  of  the  pre- 
ceding form  are  used.     The  portions  EG  and  GA  serve  simply 

to  stiffen  the  arm  CA. 

(d)  Remark.  In  both  of  the  forms  shown  one  of  the  three  working 
points  is  at  the  intersection  of  two  sides  of  the  parallelogram.  This  is 
by  no  means  essential  so  long  as  the  three  working  points  lie  m  a  straight 
line  at  the  intersection  of  at  least  three  sides  of  the  jointed  parallelogram. 
It  is  evident  therefore  that  there  may  be  an  indefinite  niunber  of  different 
forms  of  the  pantograph.  The  two  shown  are  inexpensive  and  are  not 
intended  for  accurate  work.  To  attain  any  considerable  degree  of  ac- 
curacy one  of  the  expensive  metal  pantographs  must  be  used. 


CHAPTER  XXXVII 
DRAFTING-ROOM  METHODS  ♦ 


Ixf  this  chapter  general  directions  and  suggestions  are  given  for  pencil* 
ing  and  inking,,  for  mixing  inks,  for  laying  off  measurements  to  scale, 
for  section-lining,  for  tinting,  for  tracing,  and  for  making  blue-prints. 


481.  To  Fasten  the  Paper  to  the  Board.  Insert  a  tack 
in  one  comer,  make  the  paper  square  with  the  board  by  means 
of  the  T-square,  stretch  it  diagonally  across  to  the  other  comer 
and  insert  a  tack;  stretch  the  paper  diagonally  in  the  other 
direction  and  insert  tacks.  It  is  not  essential  that  the  paper 
should  be  square  with  the  board,  but  take  pains  to  stretch  it 
flat  and  smooth.  In  large  sheets  it  will  probably  be  necessary 
to  put  additional  tacks  along  the  edges.  Press  the  tacks  down 
until  the  heads  are  flush  with  the  paper,  so  that  the  T-square 
can  shde  over  them;  if  one  should  interfere  with  the  work  at 
any  time,  it  may  be  temporarily  removed. 

(a)  Note.  In  certain  kinds  of  work  the  best  results  can  be  obtained 
only  by  stretching  the  paper  while  damp.  Moisten  the  whole  sheet  with 
the  exception  of  a  half-inch  border;  secure  this  dry  border  to  the  board  with 
mucilage,  beginning  at  the  centers  of  opposite  edges  and  leaving  the  corners 
until  last;  use  a  sponge  in  smoothing  the  paper,  working  from  the  center 
out,  and  see  that  the  mucilage  is  set  before  the  body  of  the  paper  dries,  so 
that  the  latter  may  be  stretched  uniformly  by  its  own  contraction.  Cut 
the  paper  from  the  board  when  the  map  is  finished,  following  the  edges 
around  successively  in  order. 

If  possible  keep  the  paper  in  flat  sheets.  If  kept  in  rolls  it  is  more 
difficult  to  make  it  lie  smoothly  on  the  board. 

482.  Precautions  to  Insure  Neatness.  (1)  Wipe  the  tri- 
angles and  T-square  free  from  dust  before  beginning  work — 
occasionally  the  triangles  should  be  washed.  (2)  Keep  the  paper 
clean  by  frequently  applying  a  bmsh  or  a  cloth — after  the  eraser 
has  been  used  never  proceed  with  the  work  until  the  leavings 

♦This  chapter  is  taken  largely  from  a  similar  chapter  in  the  author's 
•'An  Introductory  Course  in  Mechanical  Drawing"  (American  Book  Co.). 
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have  been  brushed  from  the  surface  of  the  paper.  (3)  After 
sharpening  a  pencil  on  sandpaper  wipe  the  lead  clean  with  a 
cloth — ^keep  the  sandpaper  away  from  the  drawing.  (4)  Never 
use  a  pencil  soft  enough  to  rub  or  blur. 

483.  Penciling.  (1)  Use  a  hard  pencil  and  draw  hair-lines, 
(2)  Draw  accurately  in  pencil,  for  accuracy  is  seldom,  if  ever, 
increased  in  the  inking  in.  (3)  Do  not  try  to  stop  pencil  lines 
at  exactly  the  right  place,  for  just  as  much  care  is  required  to 
make  the  ink  lines  stop  where  they  should,  whether  the  pencil 
lines  do  or  not.  It  saves  time  and  usually  makes  intersections 
and  comers  more  definite  to  let  the  pencil  lines  overrun  slightly, 
the  projecting  ends  being  erased  after  the  whole  drawing  has  been 
inked.  Likewise  draw  a  pencil  line  a  little  longer  than  the 
distance  which  is  to  be  marked  off  on  it.  (4)  It  is  often  better 
not  to  draw  a  construction  line  throughout  its  entire  length. 
For  example,  to  find  where  two  lines  intersect,  draw  an  inch  or 
so  of  one  line  near  the  estimated  point  of  intersection,  and 
simply  cross  it  wijh  the  other.  In  drawing  lines  to  plot  cor- 
ners of  houses  or  other  details  the  approximate  positions  of 
points  may  be  estimated  and  only  so  much  of  each  line  drawn 
as  is  really  necessary.  Many  similar  cases  occur  where  time 
would  be  wasted  and  imnecessary  erasing  caused  by  drawing 
entire  lines. 

484.  Inking.  (1)  As  a  rule,  do  not  begin  to  ink  until  the 
map  is  practically  completed  in  pencil.  (2)  Make  the  lines 
wide  enough  to  be  clear  and  distinct — ^the  tendency  with  be- 
ginners is  to  set  the  nibs  of  the  pen  too  close  together,  making 
the  lines  too  fine  and  often  ragged.  Keep  a  separate  piece  of 
paper  or  tracing-cloth  at  hand  for  testing  the  pen  to  see  if  lines 
are  of  the  right  width.  (3)  Hold  the  pen  nearly  vertical,  both 
nibs  bearing  evenly  on  the  paper.  (See  p.  440.)  (4)  Keep  the 
pen  sharp  and  in  good  condition,  so  that  it  will  begin  to  ink  a 
line  the  instant  it  touches  the  paper;  no  pressure  should  be 
required.  (5)  Do  not  ink  too  close  to  the  edge  of  the  T-square 
or  triangle,  but  place  the  ruling  edge  so  that  it  does  not  quite 
coincide  with  the  pencil  line.  When  the  line  is  inked,  remove 
the  T-square  or  triangle  by  drawing  it  away  from  the  line  to 
avoid  blotting  or  blurring.  (6)  Get  into  an  easy  position  for 
inking  each  line,  keeping  the  ruling  edge  between  the  line  and 
the  body.  (7)  Never  push  a  pen  backward  over  a  line.  It  is 
difficult  to  patch  up  a  ragged  line,  and  it  should  not  be  nece» 
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sary  if  the  pen  is  in  proper  condition;  occasionally  it  may  be 
necessary  to  go  over  a  line  a  second  time,  but  the  pen  should 
be  moved  in  the  same  direction  as  before^  great  care  being  taken 
not  to  increase  the  width  of  line.  (8)  Ink  in  circles  and  arcs 
of  circles  first,  as  it  is  easier  to  draw  straight  lines  tangent  to 
circles  than  to  draw  circles  tangent  to  straight  Unes.  (9)  Ink  in 
top  or  left-hand  lines  first  and  work  from  the  top  down  or  from 
left  to  right  to  avoid  waiting  for  lines  to  dry.  In  inking  in 
small  details,  place  one  triangle  so  that  the  lines  to  be  inked  he 
within  the  open  gfpace  in' the  center;  a  second  triangle  can  then 
be  laid  across  the  first  and  used  as  a  ruler  in  any  direction  with- 
out blurring  wet  lines.  (10)  When  several  lines  meet  in  a 
point,  if  possible  ink  from  and  not  towards  the  point,  otherwise 
too  much  ink  will  gather  at  the  intersection  of  the  lines.  Allow 
one  line  to  dry  before  inking  another.  The  same  precautions 
are  necessary  in  inking  acute  angles.  (11)  In  inking  wide  lines, 
as,  for  example,  a  heavy  border,  draw  several  parallel  lines  of 
medium  width  about  their  own  thickness  apart  and  fill  in  be- 
tween with  another  set  of  parallel  lines  after  the  first  are  dry. 
This  is  better  than  drawing  two  outside  lines  and  filling  in 
between  all  at  one  time — a  method  that  often  leaves  a  large 
quantity  of  ink  which  warps  the  paper  and  takes  a  long  time 
to  dry.  (12)  Finally,  while  inking  keep  the  surface  of  the 
paper  clean,  watch  for  particles  of  dust  or  lint  in  the  path  of 
the  pen,  and  clean  the  pen  frequently. 

(a)  To  mix  India-ink,  Many  draftsmen  prefer  to  mix  their  own  ink 
from  Chinese  stick-ink  when  very  fine  and  sharp  lines  are  required.  This 
is  done  as  follows:  Place  as  little  water  in  the  saucer  as  will  suffice  for 
the  amount  of  ink  required.  Rub  the  end  of  the  stick  on  the  bottom  of 
the  saucer  with  a  rotary  motion  until  the  mixture  is  of  the  desired  density. 
The  liquid  will  appear  black  before  it  really  is;  to  get  it  just  right  test  it 
in  the  inking-pen — it  should  flow  readily  and  dry  quickly;  the  resulting 
line  should  be  jet-black,  and  not  easily  erased  or  blurred  when  dry.  If 
the  line  fades  as  it  dries  add  more  ink  to  the  mixture  from  the  stick.  If 
it  lacks  the  other  desired  properties  try  another  make  of  ink.  Chinese 
inks  vary  in  quality,  but  it  does  not  follow  that  the  expensive  kinds  are 
the  best.  Try  different  sticks  until  one  is  found  which  is  satisfactory. 
Wipe  this  dry  after  using  to  prevent  it  from  crumbling,  and  it  will  last  for 
a  long  time.  Observe  the  following  precautions:  Clean  the  saucer  before 
using;  avoid  dust  or  undissolved  particles  of  ink  in  the  mixture — they 
clog  the  pen;   keep  the  mixture  covered  when  not  in  use. 

485.  Erasing.  (1)  Avoid  erasing  pencil  lines  until  the  map 
is  inked.  If  the  eraser  must  be  used,  as,  for  example,  to  correct 
the  pencil  drawing,  brush  the  surface  of  the  paper  clean  before 
doing  anything  else.  (2)  If  the  eraser  does  not  of  itself  wear 
off  fast  enough  to  keep  clean,  rub  it  occasionally  on  the  drawing- 
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board.  (3)  Avoid  erasing  across  ink  lines,  rub  in  between. 
Much  erasing  with  the  pencil-rubber  will  deaden  any  ink  line, 
destroying  the  sharp  black  effect.  (4)  In  erasing  ink  lines  use 
an  ink-eraser,  but  do  not  press  too  heavily  on  the  paper,  as  it 
injures  the  surface  for  further  inking.  For  the  same  reason  a 
knife  should  be  used  sparingly,  though  it  is  useful  for  taking  out 
short  portions  of  a  line  to  make  it  "dashed*'  when  it  has  been 
inked  in  full  by  mistake,  or  for  removing  the  surface  of  a  blot 
before  applying  the  eraser.  (5)  If  the  surface  of  the  paper  has 
been  injured  in  erasing,  rub  briskly  with  a  clean  hard  substance 
until  the  paper  becomes  "polished"  and  ready  for  the  ink. 
(6)  To  erase  part  of  a  drawing  and  leave  adjacent  portions  un- 
touched, cover  the  part  not  to  be  erased  with  a  piece  of  stiff 
paper  or  a  triangle.  A  flat  piece  of  celluloid  or  cardboard  with 
a  narrow  slit  in  it  makes  an  excellent  erasing-shield  for  portions 
of  lines,  the  rubber  being  applied  through  the  slit.  (7)  A  sponge 
rubber  or  crumbs  of  wheat  bread  can  be  used  to  clean  the  draw- 
ing when  it  is  finished.  (8)  For  erasing  and  cleaning  tracings, 
see  (12),  p.  452, 

486.  Laying  Off  Measurements  to  Scale.  (1)  Use  a 
needle  for  pricking  off  distances.  A  handle  can  be  easily  made 
of  wood  or  sealing-wax.  Make  priek-marks  small,  and  draw 
free-hand  circles  around  them,  if  necessary,  to  keep  track  of  the 
points.  (2)  Get  the  eye  opposite  the  mark  on  the  scale  before 
pricking  the  point.  (3)  Do  not  lay  off  distances  with  the  com- 
passes or  dividers  when  the  scale  can  be  used.  (4)  Avoid  arith- 
metical work;  note  what  the  smallest  division  on  the  scale  rep- 
resents, and  read  directly  from  the  scale.  (See  p.  440.)  (5)  In 
laying  off  several  successive  distances  along  a  line,  set  the  scale 
once  for  all  instead  of  moving  the  zero-point  up  each  time  to 
the  end  of  a  space  in  order  to  lay  off  the  next  space.  In  the 
latter  method  an  error  in  a  single  space  affects  all  succeeding 
spaces,  and  thus  errors  will  accumulate.  For  this  reason  it  is 
better  to  adopt  the  system  of  plus  distances  in  field  work.  (See 
note,  p.  139.)  (6)  Ordinarily  it  is  not  necessary  to  plot  a  point 
nearer  than  xiir  iii«  Hence  if  the  scale  is  100  ft.  to  the  inch, 
plot  to  the  nearest  half  foot;  200  ft.  to  the  inch,  plot  to  the 
nearest  foot,  and  so  on.  If  the  scale  is  20  or  30  ft.  to  the  inch, 
by  using  the  "40"  or  "60"  side  the  quarter  of  a  foot  may  be 
more  easily  estimated,  and  thus  distances  plotted  to  the  near- 
est eighth  of  a  foot.     (7)  It  is  more  accurate  to  mark  off  the 
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radius  of  a  circle  on  a  straight  line  each  aide  of  a  point,  and 
open  the  compasses  until  the  circumference  of  the  circle  passes 
through  the  extreme  points,  than  to  take  the  radius  directly 
from  the  scale.  (8)  Form  the  habit  of  frequently  checking 
measurements  by  the  eye — large  errors  may  be  detected  usually 
by  simple  inspection.  For  small  errors  apply  the  scale  a  second 
time  where  there  is  the  least  doubt  of  accuracy.  Other  ways 
of  applyijig  checks  should  suggest  themselves  to  one  familiar 
with  similar  checks  used  in  field  work.  (See  p.  494.)  (9)  A 
common  mistake  is  to  use  one  side  of  a  triangular  scale  when 
intending  to  use  another.  A  "scale-guard",  costing  but  a  few 
cents,  will  keep  the  scale  right  side  up  and  help  to  avoid  this 
common  error. 

(a)  Method  of  laying  off  plus  stations.  No  subtraction  is  neces- 
sary. Suppose  a  station  already  plotted  is  87+20  and  it  is 
de^red  to  lay  off  the  distance  to  Sta.  90+40,  using  a  scale  of 
1  in.  =  100  ft.  Let  the  zero  of  the  scale  represent  Sta.  87,  and 
set  the  mark  on  the  scale  which  represents  20  ft.  from  zero  at 
Sta.  87+20  on  the  paper;  then  Sta.  88  is  at  the  first  inch, 
Sta.  89  at  the  second  inch,  Sta.  90  at  the  third  inch,  and  40  ft. 
beyond  the  third  inch  is  Sta.  90+40. 

A  similar  method  may  be  used  for  any  scale,  although  the  100- 
ft.  stations  will  not  fall  on  the  inch-marks  to  any  other  scale. 
Thus  if  1  in.  =  200  ft.,  the  100-ft.  stations  fall  at  the  half-inch 
marks.  If  1  in.  =  30  ft.,  Sta.  88  in  the  above  illustration  would 
fall  at  the  point  on  the  30  scale  marked  10  (see  p.  440),  Sta.  89 
at  20,  and  Sta.  90  at  30. 

487.  Section-lining.  (1)  As  a  rule  draw  the  section-lines 
at  45°  and  from  ^  in.  to  J  in.  apart — the  larger  the  area  covered 
the  farther  apart  the  lines.  (2)  Make  the  section-lines  finer 
than  ordinary  lines,  usually  about  as  fine  as  the  pen  will  draw. 
Ink  slightly  thinned  best  serves  the  purpose.  The  common 
tendency  is  to  make  section-lines  too  heavy  and  too  close 
together.  (3)  Do  not  draw  the  lines  in  pencil.  A  draftsman 
should  be  able  to  draw  the  lines  in  ink,  making  the  distances 
apart  equal  by  the  eye  alone,  but  the  use  of  one  of  the  standard 
section-liners  lessens  the  strain  on  the  eyes  and  is  a  surer  method 
of  securing  a  uniform  appearance. 

488.  Tinting.  (1)  Water-colors  are  used  in  tinting  maps. 
To  mix  the  tint,  place  as  much  water  in  the  saucer  as  will  suffice 
£or  the  amount  of  tint  required.    Transfer  tint  from  the  cake 
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to  the  water  with  a  brush,  or  rub  the  cake  on  the  finger-end 
held  in  the  water  until  the  mixture  is  of  the  required  density. 

Note.  Use  a  camel-hair  or  sable  brush  similar  to  Keuffel  and  Es8«''s 
No.  3121-14.  A  nest  of  saucers  for  mixing  different  tints  will  prove 
convenient. 

(2)  The  surface  to  be  tinted  must  be  clean.  Avoid  as  far  as 
possible  all  pencil  lines  within  the  area  to  be  tinted:  if  drawn 
and  not  erased  they  can  be  seen  through  the  tint;  if  they  are 
erased  the  surface  of  the  paper  is  often  injured  and  a  smooth, 
even  wash  cannot  be  laid  on.  It  is  well  to  tint  before  inking; 
if  the  drawing  is  inked  first,  water-proof  ink  must  be  used.  The 
paper,  of  course,  should  be  stretched  flat  and  tight  on  the 
board — if  necessary  the  edges  may  be  glued  (see  p.  445). 

(3)  Raise  the  rear  of  the  board  slightly  so  that  the  surface 
will  be  sloping — if  the  top  of  the  drawing-table  cannot  be  in- 
clined, block  up  the  board.  Fill  the  brush  from  the  surface  of 
the  tint  to  avoid  specks  in  the  bottom  of  the  saucer.  Small  par- 
ticles of  coloring-matter  transferred  to  the  paper  will  dissolve 
and  leave  small  blots.  Apply  the  brush  moderately  full  of 
tint  to  the  upper  left-hand  comer  of  the  area  and  draw  towards 
the  right.  This  should  leave  a  ''pool"  of  tint  extending  across 
the  area.  This  pool  should  contain  enough  tint  so  that  it  wiU 
almost  but  not  quite  run  down  the  paper  of  itself.  The  secret 
of  success  is  to  coax  this  pool  down  the  paper,  keeping  it  mov- 
ing constantly  by  applying  the  brush  back  and  forth  from  side 
to  side,  not  allowing  the  pool  to  stand  in  one  place  longer  than 
in  another.  The  pool  must  be  kept  full  by  adding  tint  from 
time  to  time  with  the  brush.  The  tint  must  not  he  painted  on; 
it  is  not  even  necessary  to  touch  the  brush  to  the  paper.  The 
whole  operation  must  be  done  rapidly;  it  is  better  to  let  the 
brush  ovemm  a  little  oiUside  the  outline  than  to  spend  so  much 
time  on  the  edges  that  tint  on  the  .interior  soaks  in  or  dries  in 
streaks.  The  tint  outside  the  boundary-line  can  be  removed 
when  thoroughly  dry  by  covering  the  portion  not  to  be  erased 
with  a  shield  and  using  a  pencil-eraser.  In  laying  on  the  wash 
do  not  go  over  the  same  place  twice  to  "touch  it  up";  it  wiU 
usually  make  it  worse.  When  the  pool  reaches  the  bottom  of 
the  area,  squeeze  the  brush  comparatively  dry,  and  use  it  like 
a  sponge  for  taking  up  the  surplus  tint,  working  rapidly  and 
drawing  the  brush  frequently  between  the  finger  and  thumb  to 
discharge  the  tint.    The  whole   surface  should  now  have  a 
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uniform  flat  tint,  free  from  streaks.  (4)  Better  results  may 
often  be  obtained  by  first  going  over  the  surface  with  clean 
water  exactly  as  in  tinting.  When  the  surface,  held  towards 
the  light,  ceases  to  glisten,  begin  to  lay  on  the  tint.  The  work 
can  be  done  a  little  more  leisurely  and  carefully  than  if  the 
surface  were  dry,  since  the  tint  is  not  absorbed  so  quickly  by 
the  paper  and  therefore  dries  more  slowly  and  evenly.  If,  on 
the  other  hand,  the  paper  is  too  wet  the  tint  will  run.  (5)  If 
a  deep  or  very  dark  tint  is  desired,  it  is  better  to  put  on  several 
successive  layers  of  a  lighter  shade,  waiting  each  time  for  the 
preceding  one  to  dry,  than  to  attempt  a  single  dark  tint  at 
first.  The  tendency  is  to  make  the  colors  on  maps  too  deep 
and  striking. 

489.  Tracing.  (1)  Draftsmen  differ  as  to  whether  the  trac- 
ing should  be  made  on  the  rough  or  smooth  side  of  the  cloth. 
If  much  penciling  is  to  be  done  directly  on  the  cloth,  the  rough 
side  is  preferable.  It  is  easier  to  draw  clean-cut  lines  on  the 
smooth  side  and  it  is  also  easier  to  erase  them  if  necessary, 
though  erasures  are  more  noticeable  than  on  the  dull  side. 
Tracings  will  not  curl  or  roll  up  to  such  an  extent  if  ink  lines 
are  on  the  dull  side,  but  blue-prints  will  be  slightly  clearer  if 
the  lines  are  on  the  smooth  side.  When  different  portions  of 
the  map  are  to  be  colored  with  crayon  pencils,  the  ink  lines 
should  be  on  the  glazed  side  and  the  crayon  rubbed  on  the  back 
or  unglazed  side.  (See  p.  507.)  (2)  Tear  off  a  strip  about  half 
an  inch  wide  from  each  of  the  two  finished  edges  of  the  tracing- 
cloth  and  then  pin  it  down,  stretched  tight  and  smooth  as  pos- 
sible. (3)  Sprinkle  the  surface  with  powdered  chalk,  and  rub 
it  off  with  a  cloth.  This  is  necessary  to  make  the  tracing-cloth 
take  the  ink,  especially  if  working  on  the  glazed  side.  Specially 
prepared  chalk  in  a  box  with  perforated  cover  may  be  had 
from  dealers,  but  dust  scraped  from  ordinary  school  crayon 
answers  the  purpose.  (4)  Make  sure  that  the  ruling-pen  is 
sharp — it  is  more  important  than  ever  that  the  pen  should  be 
in  good  condition.  (See  p.  441.)  (5)  Lines,  letters,  and  fig- 
ures should  be  made  slightly  heavier  on  tracing-cloth  than  on 
drawing-paper,  in  order  that  the  blue-print  may  be  clear.  It 
is  not  imusual  to  find  a  beginner  carefully  putting  on  almost 
microscopic  figures  with  a  crow-quill  pen.  Such  fine  work 
practically  disappears  on  the  blue-print.  Figures  above  every^ 
thing  else  should  be  bold  and  clear,  since  they  cannot  be  guessed 
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at.  (6)  Erasures  should  be  made  very  carefully,  using  a  sharp 
knife  or  hard-rubber  ink-eraser  to  start  with  and  finishing  with 
a  soft-rubber  pencil-eraser;  too  much  erasing  wears  a  hole 
through  the  cloth.  After  erasing,  the  smooth  surface  should 
be  restored  before  inking  by  rubbing  with  soapstone,  otherwise 
the  ink  is  Hkely  to  spread  or  blot.  Many  expert  draftsmen 
prefer  pumice-powder  for  making  erasures  on  the  glazed  side 
of  the  cloth.  Dip  the  finger  into  the  powder  and  rub  over  parts 
of  the  drawing  which  are  to  be  erased,  replacing  the  discolored 
powder  at  frequent  intervals  until  a  perfectly  clean  surface  is 
obtained.  Of  course  a  rubber  may  be  used  in  place  of  the 
finger.  The  advantages  of  this  method  are :  It  is  quick,  erasures 
are  less  noticeable,  and  the  surface  is  left  in  good  condition  for 
inking.  Many  draftsmen  claim  that  pumice-powder  if  vigor- 
ously applied  is  better  than  prepared  chalk  for  preparing  the 
surface  of  tracing-cloth  to  take  sharp  unbroken  lines,  and  that 
in  addition  the  gloss  is  so  effectually  removed  that  pencil  lines 
for  alterations  may  be  readily  drawn  on  the  glazed  side.  (7)  If 
a  considerable  area  of  a  tracing  needs  to  be  altered,  it  is  possi- 
ble to  cut  out  a  portion  of  the  cloth  and  insert  a  new  piece  in 
its  place,  gluing  the  comers  or  edges.  This  can  be  done  very 
neatly.  (8)  Tracing-cloth  is  very  susceptible  to  moisture,  and 
if  left  on  the  board  for  more  than  a  day  is  liable  to  become 
ruffled  and  uneven  from  expansion.  All  important  lines,  there- 
fore, should  be  traced  the  same  day,  if  possible.  (9)  If  tracing- 
cloth  is  of  poor  quality,  the  ink  is  liable  to  strike  through  and 
spread;  such  cloth  is  useless  for  tracing.  (10)  Red  ink  and 
colored  inks  in  general  do  not  give  pure-white  lines  on  blue- 
prints, but  they  are  used  for  dimension  lines  and  other  portions 
of  a  drawing  which  it  is  desirable  to  render  less  prominent. 
Never  use  anything  but  black  ink  for  dimensions  themselves 
or  for  other  important  data  on  a  map.  (11)  Tracing-paper  is 
often  used,  and  is  very  satisfactory  though  less  durable  than 
cloth.  Water-proof  ink  is  best  for  drawing  on  either.  (12)  To 
clean  a  tracing,  rub  the  surface  with  a  cloth  saturated  with 
naphtha  or  gasoline  (benzine).  This  will  remove  pencil  marks 
and  dirt  without  injuring  the  cloth  or  affecting  ink  lines  if  the 
ink  is  water-proof.  It  is  an  excellent  method  also  of  freshening 
the  color  of  old  and  much-handled  tracings. 

Remark.     Do  not  allow  water  to  touch  the  tracine — a  single  drop  ^11 
make  a  spot  which  will  show  in  the  blue-print.     Ink  une8  may  be  entirely 
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removed  from  spoiled  or  useless  tracings,  however,  by  soaking  or  boiling 
the  oloth  in  water,  leaving  a  clean  white  linen  which  is  useful  for  many 
purposes  in  the  office. 

490.  Blue-printing.  (1)  Trim  as  many  sheets  of  blue-print 
paper  as  there  are  prints  required,  each  sheet  slightly  larger 
than  the  tracing,  but  not  too  large  to  go  inside  the  frame. 
Keep  the  sheets  away  from  the  light.  (2)  Turning  the  frame 
until  the  glass  side  is  down,  remove  the  back  boards  and  the 
pads.  (3)  Put  the  tracing  in  the  frame  with  the  ink  lines  next 
to  the  glass,  (4)  Place  the  blue-print  paper  with  the  yellow  or 
sensitized  side  next  to  the  tracing.  (5)  Insert  the  pad,  taking 
pains  to  make  the  tracing  lie  flat,  and  insert  the  back  boards. 
(6)  Turn  the  frame  over;  make  sure  that  the  tracing  is  free 
from  wrinkles,  and  that  the  mk  lines  are  next  to  the  glass — if 
they  are  not  words  and  numbers  will  read  backward.  (7)  Ex- 
pose squarely  to  the  sun,  making  sure  that  no  shadows  fall 
across  the  glass.  (8)  After  exposure,  remove  the  paper  and 
wash  thoroughly  in  water  until  the  greenish  solution  entirely 
disappears.  (0)  Allow  the  paper  to  soak  for  at  least  ten  min'> 
utes — ^twenty  is  better — and  then  hang  it  up  to  dry. 

(a)  Practical  atiggestiona.  (1)  The  length  of  time  required  for  ex- 
posure varies  for  different  kinds  of  blue-print  paper.  In  a  bright  sun 
with  quick  paper  from  20  to  30  seconds  will  suffice;  for  medium  paper 
one  to  three  minutes;  for  slow  paper  from  three  to  six  minutes.  The 
safest  way  is  to  test  a  new  roll  by  exposing  small  strips  until  the  correct 
time  is  ascertained.  The  same  test  should  be  made  when  it  is  cloudy, 
or  when  the  paper  is  not  e:^osed  to  the  direct  sunlight,  for  of  course  the 
weaker  the  light  the  longer  the  exposure.  In  an  under-exposed  print 
^e  blue  will  be  too  light;  in  an  over-exposed  print  the  blue  will  be  too 
dark  and  the  lines  will  appear  bluish  instead  of  pure  white.  (2)  To  get  a 
good  print  it  is  important  to  keep  hairs  and  specks  from  being  reproduced. 
The  stray  hairs  from  the  felt  should  be  carefully  dusted  from  the  glass. 
The  paper  and  the  tracing  should  be  in  perfect  contact,  pressed  smooth 
and  nat  against  the  glass.  If  wrinkles  appear  when  the  frame  is 
turned  over,  take  the  back  boards  out  and  fix  the  tracing-cloth.  Some- 
times the  trouble  is  caused  by  too  weak  or  too  short  springs  on  the  back 
boards  or  by  too  thin  a  pad  between  the  back  boards  and  the  paper.  (3) 
Blue-print  paper  may  be  exposed  to  the  light  in  an  ordinary  room  for 
several  minutes  without  being  affected,  but  it  should  not  be  subjected  to 
strong  light  through  a  window.  It  is  safer,  especially  with  very  sensitive 
papers,  to  puU  the  window-shade  down  and  work  in  subdued  light  while 
placing  the  paper  in  the  frame.  (4)  In  washing  the  print  make  sure 
that  it  is  completely  immersed,  and  move  it  back  and  forth  or  splash  water 
over  it  so  that  the  chemicals  will  be  removed  from  all  parts  of  the  paper 
at  quickly  as  possible.  (6)  Keep  the  tracing  where  no  water  can  spatter 
on  it,  and  do  not  handle  it  with  moist  fingers.  A  drop  of  moisture  on 
the  cloth  will  make  a  spot  which  cannot  be  taken  out,  and  which  will 
show  in  every  subsequent  print.  (6)  Keep  blue-print  paper  in  a  dark 
dry  place  until  wanted  for  use;  it  must  be  fresh  to  get  the  best  results; 
with  old  paper  the  lines  will  be  gray  instead  of  white.  (7)  Various  white- 
iijc  mixtures  and  bleaching  solutions  are  used  for  making  corrections  on 
blue-prints;  a  solution  of  quicklime  and  water,  well  shaken,  is  fairly 
■atisubctory.  White  lines  may  also  be  obtained  by  using  Chinese  white 
water-color,  and  red  lines  by  using  scarlet- vermilion  water-color  (see  637  (o), 
p.  507).  To  obliterate  white  lines  or  figures  go  over  them  with  a  blue  pencU. 
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Note.  Print-frames  can  be  purchased  from  dealers  in  engineers*  sup- 
plies. Spring  clips  like  Keuffel  and  Esser's  No.  249-3  are  useful  for  hanging 
up  prints. 

(6)  To  prepare  blue-print  paper.  Prepared  paper  for  blue-prints  can 
be  purchased  in  rolls  of  different  widths  at  such  a  low  price  and  of  such 
excellent  quality  that  it  hardly  pays  to  prepare  it  for  oneself,  unless  a  large 
quantity  is  required.  If  it  is  desirable,  however,  to  make  it,  the  chemicE^s 
may  be  used  in  the  following  proportions: 

1  oz.  (weight)  prussiate  of  potash  in  5  oz.  water; 

1  oz.  (weight)  citrate  of  iron  and  ammonia  in  5  oz.  water. 

These  two  solutions  may  be  preipared  separately  in  the  light,  but  they 
should  be  mixed  (in  equal  parts)  in  subdued  light  or  in  a  darkened  room. 
Apply  an  even  coating  to  one  side  of  hard  white  paper  with  a  soft  sponge 
or  a  broad  thin  brush  and  hang  the  paper  up  to  dry.  The  proportions  of 
the  chemicals  in  the  blue-print  mixture  may  be  varied  considerably  with- 
out any  effect  except  to  change  the  time  required  for  exposure;  the  larger 
the  proportion  of  citrate  of  iron  and  ammonia  the  quicker  the  paper. 

Blue-print  cloth  may  be  prepared  in  the  same  way  as  blue-print  paper. 

491,  Brown  solar  paper  is  a  process  paper  for  making  positive 
prints,  i.e.,  dark  lines  on  a  white  background.  The  process  is 
similar  to  blue-printing,  except  that  the  tracing  is  used  to 
print  a  negative  on  the  solar  paper,  and  this  Negative  is  used 
to  make  positive  prints  on  either  solar  or  blue-print  paper. 

(a)  To  make  the  negative  place  the  tracing  in  the  frame  with  the  ink 
lines  against  the  process-paper  instead  of  against  the  glass.  Expose  until 
the  paper  which  projects  from  underneath  the  tracing  is  a  dark  tan 
color;  this  will  take  from  2  to  5  minutes  in  bright  sunlight  in  summer, 
nearly  twice  as  long  in  winter.  Wash  for  at  least  5  minutes  in  clear  water 
and  then  immerse  in  a  fixing-bath  composed  of  2  oz.  of  hyposulphite  of 
soda  to  one  gallon  of  water.  The  negative  should  be  left  in  the  bath  just 
long  enough  for  the  lines  to  become  white  and  the  background  a  dark 
brown;  if  left  too  long  it  may  become  mottled.  Some  prefer  to  apply 
the  fixing  solution  with  a  brush,  especially  if  only  a  few  prints  are  desired. 
After  the  negative  is  fixed  it  must  be  washed  thoroughly  to  avoid  "hypo" 
stains;  let  the  print  soak  in  clean  water  for  at  least  20  minutes — running 
water  is  desirable  though  by  no  means  essential.  Hang  the  negative  up, 
and  when  it  is  practically  dry,  roll  it  tightly  on  a  small  round  stick  (such 
as  comes  in  a  roll  of  tracing-cloth),  so  that  the  paper  negative  will  be 
smooth  for  printing  purposes.  Any  number  of  prints  can  now  be  made 
from  this  negative,  while  the  tracing  can  be  filed  away  and  kept  in  good 
condition,  one  advantage  of  this  orocess.  If  a  large  number  of  positive 
prints  are  required  more  than  one  negative  can  be  made,  so  that  several 
positives  can  be  printed  at  the  same  time,  another  advantage. 

(b)  To  make  "positive  prints  place  the  negative  in  the  frame  with  the 
brown  side  next  to  the  sensitized  side  of  the  printing-paper,  not  against 
the  glass.  To  make  blue-prints  proceed  exactly  as  outlined  in  Art.  490, 
except  that  the  negative  is  used  in  place  of  the  tracing,  the  result  being 
blue  lines  on  a  white  background.  By  using  solar  paper  instead  of  blue- 
print paper,  brown  lines  on  a  white  background  may  be  obtained,  but  these 
prints  must  be  treated  with  a  fixing  solution  as  explained  above.  In  either 
case  corrections  in  pencil  or  ink  can  be  made  on  the  white  background, 
another  advantage  as  compared  with  ordinary  blue-process  paper.  Cor- 
rections on  the  negative  itself  may  be  made  by  blocking  out  unnecessary 
lines  with  black  ink  or  by  inserting  white  lines  by  means  of  a  bleaching 
solution  furnished  by  the  maker. 


CHAPTER  XXXVIII 

METHODS  OF  PLOTTING  ANGLES 

Five  methods  of  plotting  angles  are  given  in  this  chapter.     The  use  of 
these  methods  in  plotting  maps  is  explained  more  fully  in  the  next  chapter. 


492.  Five  Methods  of  Plotting  Angles.  (1)  By  the  pro- 
tractor. (2)  By  the  tangent  of  the  angle.  (3)  By  the  cosine  and 
sine  of  the  angle.  (4)  By  the  chord  of  the  angle.  (5)  By  lati- 
tudes and  departures  or  coordinates, 

493.  Tlie  Protractor  Metliod.  There  are  various  forms  of 
protractors  in  common  use.  With  the  ordinary  form,  angles 
are  laid  off  as  follows:  (1)  Place  the  center  of  the  protractor 
exactly  at  the  point  which  is  to  be  the  apex  of  the  required 
angle,  and  at  the  same  time  make  the  zero-point  fall  on  the 
^ven  line  so  that  the  line  from  the  center  of  the  protractor  to 
the  zero-point  will  coincide  with  one  side  of  the  required  angle. 
(2)  To  get  the  other  side,  follow  around  the  circular  edge  of  the 
protractor  the  required  number  of  degrees  and  minutes  from 
zero,  and  make  a  fine  dot.  (3)  Draw  a  line  through  this  dot  to 
the  apex.  If  there  are  several  angles  to  be  laid  off  from  the 
same  line,  make  all  the  dots,  if  possible,  before  removing  the 
protractor  to  draw  the  lines. 

(a)  Practical  Hints.  (1)  Make  sure  of  the  exact  center  of  the  protractor 
once  for  all,  by  means  of  the  following  test.  With  a  triangle  and  T-square 
or  with  hair  dividers  construct  on  paper  two  in- 
tersecting lines   exactly  perpendicular   to  each  ^^x^" 

other.     Place  the  protractor  so  that  the  0°  and     " — '  

the  180°  are  on  one  line  and  the  90°  on  the 
other.  Observe  carefully  what  point  of  the  pro- 
tractor coincides  with  the  intersection  of  the  two 
lines.  This  test  should  always  be  made  when 
using  any  protractor  for  the  first  time.  In  some 
of    the  semicircular    protractors    the    center    is  Fig.  493  (a), 

marked  by  a  nick,  the  bottom  of  which  is  often 

mistaken  for  the  center.     The  correct  and  incorrect  points  are  shown  in 
Fig.  493  (a).  ,  .     ,        , 

(2)  Accuracy  depends  largely  on  the 
correct  centering  of  the  protractor.  Thus 
if  in  Fig.  493  (&)  an  angle  is  to  be  laid  off 
at  B  from  a  line  AB,  produce  AB  so  that 
the  180**  mark  can  be  used  in  centering  the 
protractor. 

(3)  On  most  protractors  there  are  two 
rows  of  numbers,  the  second  increasing  from  pjQ    493  (us 
0°  to  180°  counter-clockwise  for  use  in  lay- 
ing off  angles  to  the  left. 
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(4)  There  are  three  methods  of  ]ayiag  off  an  angle  greater  than  180*", 
viz.:  1.  Subtract  180°  from  the  an^le.  la^y  off  the  result  in  the  usual  man- 
ner, and  produce  the  line  thus  obtamed  through  the  center.  For  example, 
to  plot  220°,  mark  off  40°  clockwise,  as  shown  in  Fig.  493  (6),  and  produce 
the  line  thus  obtained  through  B.  2.  Subtract  180°  from  the  angle,  place 
the  protractor  on  the  opposite  side  of  the  line,  and,  considering  180°  of  the 
angle  to  have  been  plotted  by  simply  producing  the  given  line,  plot  the 
remainder  with  the  protractor.  3.  Invert  the  protractor  as  in  the  pre- 
ceding method,  but  plot  360*  minus  the  angle  backward.  This  last  method 
involves  subtracting  degrees  and  minutea,  and  hence  mistakes  are  more 
likely  to  occur  than  if  either  of  the  first  two  methods  are  used. 

(6)  Remark.  The  ordinary  protractor  is  seldom  divided  more  finely  than 
quarter  degrees,  and  hence  anything  less  than  15  minutes  must  be  esti- 
mated.  Some  of  the  expensive  vernier  protractors  read  to  minutes,  but 
the  difficulty  in  plotting  to  such  a  degree  of  precision  is  in  properly  center- 
ing  the  protractor.  Moreover,  unless  the  circular  arc  on  the  protractor  is 
large,  errors  are  likely  to  occur  which  render  it  nearly  impossible  to  plot 
to  mmutes  with  any  certainty. 

T 
90 

270     260       ^0 
^^     80     ^    100    ^      <b6 


Fia.  493  (c). 

(c)  Another  form  of  protractor  is  shown,  much  reduced 
in  size,  in  Fig.  493  (c).  (On  an  actual  protract  )r  the  circle  is 
subdivided  to  degrees  and  quarter  degrees,  but,  on  account  of 
the  small  size  of  the  cut,  these  subdivisions  are  not  shown  in 
the  figure.)  There  are  similar  protractors  on  the  market,  but 
many  draftsmen  prefer  to  make  their  own  as  follows:  (1)  Put' 
chase  a  full  circle  Bristol  board  protractor  about  14"  in  diam^ 
eter.  Rule  lines  between  0°  and  180°,  and  between  90**  and 
270°,  thus  getting  the  exact  center.  '  (2)  Along  the  first  of 
these  lines  construct  a  scale  1"=50  ft.,  or  1"=40  ft.,  or  what- 
ever scale  is  to  be  used  in  plotting.  The  zero  of  the  scale  is  at 
the  center  of  the  protractor,  the  numbers  increasing  outward 
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in  either  direction.  (3)  Number  the  ten-degree  marks  as  shown 
in  the  figure.  (4)  Cut  the  circular  protractor  in  two  parts  along 
the  line  from  0°  to  180°,  leaving,  however,  a  small  V-shaped 
point  ^out  J"  deep  as  shown  in  the  figure.  Better  results  may 
be  obtained  by  cutting  clear  across  with  a  machine  such  as  all 
bookbinders  have;  then  cut  a  small  depression  in  the  board, 
\mder  the  center,  half-way  through  the  back,  and  gum  a  thin 
piece  of  celluloid  into  it  to  form  the  V.  The  celluloid  may  be 
notched  slightly  to  receive  the  needle  about  which  the  pro- 
tractor revolves. 

(d)  To  use  the  paper  protractor.  Let  it  be  required  to  draw  a 
line  CB,  160  ft.  long,  and  making  an  angle  of  20°  clockwise  with 
CA.  Produce  AC  to  A\  stick  a  very  fine  needle  at  the  point 
C,  bring  the  comer  of  the  protractor  (center)  against  the 
needle,  turn  the  protractor  until  the  20°  mark  (outermost  row) 
is  on  the  line  CA',  and  mark  B  opposite  160. 

For  an  angle  over  180°  use  the  middle  row.  Thus  the  same 
setting  as  above  gives  ACD  200°  clockwise,  and  a  point  D  any 
distance,  say  220  ft.,  from  C. 

If  angles  counter-clockwise  up  to  180°  are  desired,  use  the 
innermost  row.  Thus  the  same  setting  gives  ACD  counter^ 
cLockwise^  160°. 

(«)  Remark.  This  form  of  protractor  is  exceedingly  useful  in  plotting 
details  where  a  large  number  of  angles  and  distances  are  laid  off  from  the 
same  point,  for  it  serves  both  as  protractor  and  scale.  It  is  necessary, 
however,  to  construct  a  separate  protractor  for  each  different  scale,  but 
this  is  not  a  serious  drawback,  since  in  ordinary  work  less  than  half  a  dozen 
scales  are  commonly  used. 

Notice  that  the  required  side  of  the  angle  is  always  found  along  the 
straight  edge  of  the  protractor.  The  fact  that  this  straight  edge  is  used 
as  a  scale  offsets  the  disadvantage  of  resetting  the  protractor  for  each 
an^. 

(/)  Practical  auggeationa.     (1)  Fine  hair  lines  should  be  ruled  for  the 
scale.     Do  not  cut  the  Bristol  board  in  two  until  these  lines  have  been 
penciled   and  inked,  if  it  is  desired  to  ink  them.     Make  the  lengths  of 
marks   correspond   to   those   on   a   regular   scale. 
(Seep.  440.)     (2)  If  only  clockwise  angles  are  to  be 
plotted,  it  is  better  to  omit  the  innermost  row  of 
numbers,  otherwise  print  them  in  red  ink  to  avoid 
confusion  with  the  other  two  rows  which  may  be 

Erinted    in    black.     If    counter-clockwise    angles 
krger  than  180°  are  to  be  plotted,  a  fourth  row  of 
nimibers  may  be  added.     (3)  Instead  of  sticking 


a  needle  into  the  paper  it  is  better  to  construct  a 
goose-neck  device  like  that  shown  in  Fig.  493  (/), 
the  space  between  the  needle-point  and  the  weight 


being  large  enough  to  permit  the  protractor  to 
revolve.  The  needle-point  just  touches  the  pa^er, 
and  can  be  moved  to  any  desired  position  by  sim- 
ply sliding  the  goose-neck.  The  device  is  easily  FiQ.  493  (/). 
made  of  brass  tubing,  filled  with  lead  just  over  the 
eenter  to  increase  its  stability,  and  with  a  wooden  plug  to  hol4  %ke  peedl©. 
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494.  The  Tangent  Method  is  a  trigonometric  method  based 
upon  the  fact  that  in  any  right-angle  triangle  the  baseXtangent= 
perpendicular.  The  steps  are  as  follows:  (1)  Mark  off  on  the 
given  side  of  the  angle,  beginning  where  the  apex  is  td  be,  a 
base  of  any  convenient  length,  say  8"  or  10"  or  12",  and  at 
the  end  of  the  base  erect  a  perpendicular  extending  toward  the 
required  side  of  the  angle.  (2)  In  a  table  of  natural  tangents 
look  up  the  tangent  of  the  required  angle  and  multiply  this 
tangent  by  the  length  of  the  base,  8"  or  10"  or  12"  as  the  case 
may  be.  (When  there  is  room  the  base  is  usually  made  ten 
inches  so  that  the  multiplication  can  be  performed  by  changing 
the  decimal  point  one  place  to  the  right.)  (3)  Mark  off  the 
number  of  inches  obtained  from  (2)  on  the  perpendicular  erected 
in  (1)  and  join  the  point  thus  found  with  the  apex. 

(a)  When  an  angle  is  much  over  45®  the  tangent  becomes 
too  long  and  the  complement  of  the  angle  is  plotted  instead  of 
the  angle  itself.  If  the  angle  is  a  little  over  90°,  plot  90°  of  it 
by  erecting  a  perpendicular  and  the  balance  by  the  tangent 
method,  using  the  perpendicular  as  a  base.  In  a  similar  man- 
ner any  large  angle  can  be  plotted  by  laying  off  a  portion  of  it 
either  by  erecting  a  perpendicular  to  the  given  line  or  by  pro- 
ducing that  Une,  so  that  the  part  of  the  angle  remaining  to  be 
plotted  by  the  tangent  method  is  less  than  45°. 

F 


Required  Angle  Angle  Plotted  Tangent 

BAC^  34°  20'  BAC '-'34°  20'  0.683 

BAD  =  70°  49'  B'AD«  90°-70°49'  =  19°  11'  0.348 

BAE  =  120°  58'  B'AE  « 120°  58'  - 90°  =  30°  58'  0.600 

FGH  =  157°  42'  F^GH  =  180°  - 157°  42'= 22°  1.8'  0.410 

FGK  =-  206°  09'  F'GK  =  206°  09'  - 180°  =  26°  09'  0.491 

MNO  =-  249*»  08'  M'NO  =  270°  -  249°  08'  -  20°  52'  0.381 

jjfiSrP=301°  26'  M'iSrP -301°  26'-270°-31'»  26'  0.611 


METHODS  OP  PLOTTING  ANGLES  459 

The  above  examples  indicate  how  the  method  is  used.  Notice  that  in 
every  case  except  the  first  the  angle  actually  plotted  was  not  the  required 
angle,  but  the  smallest  angle  that  could  be  found  with  the  required  side 
either  by  producing  the  given  side  or  by  erecting  a  line  at  right  angles 
to  it. 

(a)  Practical  auggestiona.  (1)  The  accuracy  of  this  method  depends 
very  largely  upon  the  correct  laying  off  of  perpendiculars.  If  a  triangle  is 
used  it  should  be  tested  for  its  right  angle.  (See  p.  439.)  In  using  the  tri- 
angle to  erect  a  perpendicular  it  is  better  to  resort  to  one  of  the  sliding 
methods  (p.  439)  than  to  depend  on  fitting  two  sides  of  one  triangle  to  a 
90**  angle.  A  steel  square,  however,  may  be  used  in  that  way,  and  is 
preferable  to  a  triangle,  but  it  also  should  be  tested. 

(2)  The  inches  laid  off  for  the  base  and  perpendiculars  are  of  course 
real  inches  and  not  to  any  scale.  As  scales  are  not  usually  divided  to  hun- 
dredths of  an  inch,  use  the  side  with  fiftieths.  Thus  in  the  first  illustra- 
tion 83  hundredths  equals  41  i  fiftieths. 

(3)  If  there  is  not  room  for  a  10"  base  or  its  corresponding  tangent,  use 
a  shorter  base,  say  5"  or  8",  but  be  sure  to  use  the  corresponding  length  for 
the  perpendicular.  Within  reasonable  limits,  however,  the  longer  the  base 
the  more  accurate  will  be  the  angle,  hence  a  20"  base  is  sometimes  used. 

(4)  After  plotting  an  angle  by  the  tangent  method  always  check  it  roughly 
with  the  protractor. 

(5)  If  an  angle  is  known  to  be  wrong  and  no  mistake  can  be  found  in  the 
work,  plot  the  angle  over  again,  using  a  new  length  of  base  and  its  corre- 
sponding length  of  perpendicular.  In  addition  it  may  be  well  to  plot 
from  some  other  direction,  i.e.,  plot  the  complement  or  supplement  of  the 
angle  if  possible,  thus  using  an  entirely  different  base  line.  This  is  usually 
equivalent  to  checking  by  measuring  the  cotangent. 

(6)  This  same  method  can  be  used  in  the  field  for  laying  off  angles  with 
the  tape.     Measurements  are  then  in  feet  instead  of  in  inches. 

495.  The  Cosine  and  Sine  Method  is  practically  a  modi- 
fication of  the  tangent  method.  The  cosine  of  an  angle  is  laid 
off  as  a  base,  and  the  sine  as  the  perpendicular.  The  hypothe- 
nuse  is  then  imity — a  useful  check. 

Illustration.  To  plot  34°  20'.  Cosine =0.826,  sine =0.564.  Lay  off  8.26 
inches  as  a  base  and  5.64  inches  as  a  perpendicular.  Check  by  seeing  if 
the  hypothenuse  is  exactly  10  inches. 

Note.  When  an  angle  is  much  larger  than  45°  its  complement  or  its 
supplement  may  be  plotted  as  in  the  tangent  method.  Most  of  the  prac« 
tical  suggestions  given  for  the  tangent  method  apply  to  this  method  also. 

496.  The  Chord  Method.  In  this  method  the  angle  is  con- 
structed by  two  intersecting  arcs.  The  first  arc  is  of  any  con- 
venient radius,  say  5"  or  8"  or  10",  and  is  described  with  the 
vertex  of  the  required  angle  as  a  center.  The  length  of  the 
radius  of  the  second  arc  must  be  equal  to  that  chord  of  the 
given  angle  which  corresponds  to  the  radius  of 
the  first  arc. 

(a)  Illustration.  At  A  to  plot  an  angle  of  47°  8'  clock- 
wise from  AB.  With  .4  as  a  center  describe  an  arc  CD 
of  any  convenient  radius,  say  10".  The  chord  for 
47*  8'  for  a  unit  radius  is  0.7996  (found  by  one  of  the 
methods  given  below).  For  10"  the  chord  is  7.996", 
br  for  practical  purposes  8"  long.  With  C  as  a  center 
*nd  with  a  radius  of  8",  describe  a  second  arc  FO 
Intersecting  the.  first  at  Z>,  a  point  which  determines 
Micftngle. 
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(6)  To  find  the  chord  length.  Take  from  a  table  of  chords  the 
chord  for  the  required  angle  for  a  unit  length  and  multiply  by 
the  length  of  the  radius  of  the  first  arc.  If  a  table  of  chords  is 
not  at  hand  look  up  in  a  table  of  natural  sines  the  sine  of  half 
the  required  angle  and  multiply  by  twice  the  length  of  the 
radius  of  the  first  arc.  (For  the  chord  of  any  arc  is  equal  to 
the  radius  of  that  arc  multiplied  by  twice  the  sine  of  half  the 
subtended  angle,  or  chord = radiiis  X  (2  Xsine  i  angle)  =  2Xradius 
X«ine  i  angle.    Draw  a  figure  showing  this  to  be  true.) 

Illustraiion.  In  Fig.  496  (a)  one  half  the  required  angle  is  47°  8'-«-2  = 
23°  34/  natural  sine  of  23°  34'  =  0.39982.  and  ^X, 39982  =  7. 9964= length 
of  chord.     (8"  is  near  enough.)  ^    ,  ,     , 

(c)  Practical  suggeHiiona.  (1)  The  accuracy  of  the  work  depends  ui>on 
the  precision  with  which  the  arcs  can  be  drawn.  An  arc  of  10"  radius  can 
be  drawn  witn  ordinary  compasses  if  the  lengthening  bar  is  used,  but  it 
takes  time  to  set  the  compasses  at  exactly  10",  and  it  is  sometimes  difficult 
to  keen  them  there  until  the  whole  arc  is  completed.  A  better  way  is  to 
keen  beam  compasses  set  at  exactly  10",  and  to  use  them  only  for  drawing 
the  iirat  arc  of  each  angle.  Then,  instead  of  describing  a  second  arc,  find 
the  chord  bv  trial  witn  a  scale;  place  the  zero  of  the  scale  where  one  end 
of  the  chord  must  be.  and  knowing  the  length  of  the  chord,  fit  the  scale 
in  Dlace  and  thus  find  the  paint  on  the  first  arc  where  the  other  end  of 
chord  must  be.  If  beam  co.npasses  are  not  at  hand,  use  a  straight  stick 
with  a  needle  at  one  end  for  a  pivot,  and  a  very  hard  lead  at  the  other, 
aWn^n«a  to  fl.  Ane  Doiut.  Be  sure  that  the  distance  between  the  needle 
Ind  thSiK,intSf  the  £ai  (which  should  be  axorfil/  10")  cannot  change  whUe 
rlflsrrihinff  an  arc  By  exercismg  a  little  ingenuity  beam  compasses  of 
fhfs  kind VnbS  made  with  a  device  for  adjusting  the  lead  slightly  to  keep 
it  exactly  10"  from  the  needle-point.    ^       ^    .         -  ,    ,,  ^,  ,     .  ,^. 

(2)  If  a  radius  of  5"  is  used  the  natural  sine  of  half  the  angle  is  multi- 
plied by  2 X. 5  =  10,  which  simply  changes  the  decimal  point.  The  objection 
to  this,  however,  is  that  for  accurate  work  the  first  arc  should  have  a  radius 
greater  than  5".  If  8"  or  9"  or  12"  is  used  it  is  more  convenient  to  multi- 
ply the  sine  by  two  and  then  by  the  radius  8"  or  9"  or  12  ',  »«  the  case 
may  be.  When  there  is  room,  however,  use  a  ^a^lius  of  10  ,  multiply  the 
sine  by  2.  and  change  the  decimal  pomt  one  place.  If  the  fiftieths  on  the 
*  scale  are  used  it  is  not  necessary  to  multiply 

the  sine  of  half  the  angle  by  two;  simply 
'  ^  change  the  decimal  point  three  places,  call  the 
result  fiftieths,  and  read  directly  from  the 
scale,  adding  of  course  a  cipher  to  the  num- 
ber printed  on  the  scale. 

lUustration.  At  A  to  plot  an  angls  o/  128* 
65'  clockwise  from  AB.  From  vl  as  a  center 
describe  an  arc  of  10"  radius.  Plot  90®  of 
the  required  angle  by  erecting  the  perpen- 
dicular AC.  Half  of  the  remaining  angle  is 
(128°  55'-90°)  +  2-19°  27.5'.  The  sme  of 
19°  27.5'  is  0.33312.  Hence  with  the  aero  of 
the  scale  at  C  find  the  point  D  where  the  333 
mark  (fiftieth)  comes,  i.e.,  the  required  chord 
is  0.333X2X10=f8J-W-  (This  ^  re»Uy 
6.66".) 

(d)  Large  angles.  The  largest  angle  that  can  be  laid  off, 
usin^  the  ordinary  scale,  is  73*»  46',  for  the  sine  of  half  that 
angle  is:  sine  of  36**  53' ===0.60019,  and  hence  the  chord  equals 
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600  fiftieths  or  the  limit  of  a  12"  scale.  For  any  angle  between 
73°  46'  and  90°,  erect  a  perpendicular  and  plot  the  complement 
of  the  required  angle.  In  a  similar  manner  any  angle,  no  mat- 
ter how  large,  can  be  plotted  by  either  erecting  a  perpendicular 
if  the  angle  is  nearest  90°  or  270°,  or  by  producing  the  original 
line  if  the  angle  is  nearest  180*.  See  Fig.  494,  p.  458,  for  par- 
allel cases. 

(e)  Erecting  perpendiculars.  If  two  sides  of  a  right  triangle 
are  each  10"  long,  the  hypothenuse  is  14.142"  long,  i.e.,  the 
chord  df  90°  is  1.4142.  Hence,  if  desired,  perpendiculars  can 
be  erected  by  the  chord  method,  as  indicated  in  Fig.  496  (c). 
Keep  a  straight  edge  with  two  fine  scratches  14.14"  apart 
especially  for  that  purpose.  It  is  convenient  to  have  •  these 
marks  on  the  beam  compass  or  on  the  straight  stick  used  in 
place  of  the  beam  compass. 

497.  The  Latitude  and  Departure  Method  consists  in 
plotting  points  by  codrdinate  distances  corresponding  to  lati- 
tude and  departure.  While  it  is  seldom  used  for  laying  off  a 
single  angle,  it  is  of  great  value  in  plotting  a  series  of  connected 
lines,  especially  if  they  form  a  polygon,  as,  for  example,  the 
transit  lines  of  a  survey  which  closes.  This  method  will  be 
explained  in  detail  in  the  next  chapter. 

498.  Methods  Compared.  (1)  The  ordinary  protractor 
should  not  be  used  for  plotting  lines  much  longer  than  the  radius 
of  the  protractor,  if  more  than  medium  accuracy  is  required. 
With  the  expensive  vernier  protractors  angles  can  be  laid  off 
to  the  nearest  minute,  but  ordinarily  fifteen  minutes  is  as  close 
as  the  protractor  can  be  read.  The  protractor  is  used  for  plot- 
ting short  lines  to  relatively  imimportant  points,  as,  for  example, 
in  plotting  the  angles  at  a  transit  station  to  the  corners  of  build- 
ings, fences,  and  other  points  a  short  distance  away.  For  the 
transit  lines  some  other  method  is  usually  used  unless  a  vernier 
protractor  is  at  hand. 

(2)  The  tangent  method,  (3)  the  cosine  and  sine  method ,  and 
(4)  the  chord  method  are  all  good  methods,  and  each  has  its  ad- 
vantages over  the  others.  In  the  first  two  methods  the  diffi- 
culty lies  in  quickly  and  accurately  erecting  perpendiculars;  in 
the  chord  method  it  lies  in  drawing  arcs  correctly  and  making 
their  intersection  perfectly  definite.  All  three  methods  require 
the  use  of  trigonometric  tables,  with  the  attending  danger  of 
blimders  in  looking  up  the  values  of  functions. 
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(5)  Latitude  and  departure  method.    See  p.  476  for  advantages 
and  disadvantages. 

499.  The  Three-point  Problem.    Given  three  points,  A, 
B,  and  C,  whose  relative  positions  are  determined  by  the  two 

distances  n  and  o  and  the  in- 
terior angle  M.  Let  N  and  O 
represent  the  values  of  the  an- 
gles at  P,  a  point  to  be  plotted, 
(a)  Graphic  method,  (1)  Plot 
the  two  angles  N  and  O  on  trac- 
ing-cloth, making  the  lengths  of 
the  Imes  PA,  PB,  and  PC  in- 
definite. (2)  Shift  the  tracing- 
cloth  over  the  drawing  until  each 
of  the  three  lines  passes  through 
corresponding  point.     (3)  Prick 
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the  plotted  position  of  the 
through  the  point  P. 

A  three-arm  protractor  should  be  used  in  place  of  the  tracing- 
cloth  if  there  are  many  points  to  be  located.  Each  arm  is  set 
to  correspond  to  a  Une  radiating  from  P. 

(6)  Plane-table  methods.     (See  pp.  329  to  336.) 
(c)  Algebraic    method.     Let    i2=X+y=360®-(ilf +iV+0). 
Then 

n  sin  X    o  sin  Y 


Z  =  ' 


sin  0 


sin  y^sin  R  cos  X— cos  R  sin  X, 

cot3r=cotfl(     ■"^°^„+l). 
\o  sm  N  cos  R       J 

The  an^e  Y  may  be  found  in  a  similar  manner.     Plotting 

these  two  angles,  the  lines  AP  and  CP  intersecting  determine  P. 

(d)  Note.  The  problem  is  indeterminate  when  A,  B,  C,  and  P  are  on  the 
circumference  of  a  circle,  i.e.,  when  Af +JV  +  0-180'*.  When  JV  +  O-Af 
or  nearly,  the  solution  is  impossible. 


CHAPTER  XXXIX 

METHODS  OF  PLOTTING  TRAVERSES 

For  every  method  of  running  traverses  explained  in  Chapter  XII,  p.  116» 
there  is  a  corresponding  method  of  plotting.  Distances  between  stations 
are  laid  off  to  scale  and  angles  or  bearings  are  plotted  by  one  of  the  methods 
given  in  the  preceding  chapter.  The  dififerent  steps  for  each  method  are 
outlined  in  this  chapter,  without  entering  upon  the  practical  details  of 
mapping.  Such  questions  as  the  choice  of  scale,  the  general  arrangement 
of  the  map,  the  accuracy  required,  and  the  best  methods  of  plotting  details 
are  discussed  in  the  next  chapter. 


500.  Different  Methods  of  Plotting  Traverses*  corre- 
sponding to  the  methods  of  running  transit  lines  given  on  p. 
119,  are: 

1.  Plotting  each  traverse  line  by  a  direct  angle, 
.  2.  Plotting  each  traverse  line  by  a  deflection  angle- 

'  3.  Plotting  each  traverse  line  by  its  azimuth, 

4.  Plotting  each  traverse  line  by  its  bearing. 

In  addition  there  is  a  fifth  method: 

5.  Plotting  traverses  by  coordinates  or  latitudes  and 

departures. 

In  each  of  the  first  four  methods  the  angle  at  each  station 
may  be  plotted  by  means  of  the  protractor,  or  by  the  tangent 
method,  or  by  the  chord  method,  or  by  the  cosine  and  sine 
method, 

501.  Importance  of  Traverse  Lines.  Since  the  traverse 
lines  form  the  basis  of  the  whole  map,  they  must  be  plotted 
with  the  greatest  care,  using  fine  hair  lines.  On  a  small  scale 
map,  say  1"=200  ft.,  a  line  drawn  with  a  soft  or  poorly  sharp- 
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ened  pencil  may  easily  be  from  one  to  two  feet  wide  measured 
to  scale,  hence  use  a  6-H  pencil  sharpened  to  a  fine  wedge,  and 
a  needle  to  prick  the  points. 

Where  a  high  degree  of  precision  is  required  an  ordinary  pro- 
tractor should  not  be  used  for  plotting  traverse  lines.  It  is  incon- 
sistent to  measure  angles  in  the  field  to  the  nearest  minute,  and 
then  to  plot  them  with  a  protractor  which  reads  only  to  half 
degrees,  especially  if  the  lines  between  stations  on  the  map  are 
more  than,  say,  five  inches  long.  Of  course  there  are  many 
cases  where  the  protractor  will  give  results  consistent  with  the 
accuracy  required,  but  its  chief  use  is  in  plotting  details,  and 
in  roughly  checking  angles  plotted  by  some  other  method. 
Even  with  vernier  protractors  it  is  difficsut  to  attain  a  high 
degree  of  precision,  though  angles  can  be  plotted  very  rapidly 
with  it,  and  much  more  accurately  than  with  an  ordinary  pro- 
tractor. 

502.  The  Use  of  the  Protractor  in  plotting  direct  angles, 
deflection  angles,  bearings,  and  azimuths  requires  no  explansr 
tion  in  addition  to  that  given  on  p.  455.  The  line  from  which 
the  angle  is  plotted  should  always  be  extended  beyond  the 
station  to  aid  in  centering  the  protractor  (see  p.  455),  and  occsr 
sionally  a  line  at  right  angles  is  drawn  in  order  that  the  90® 
mark  on  the  protractor  may  be  used  for  centering  in  addition  to 
the  0°  and  180°  mark. 

Remark.  In  studying  the  remainder  of  the  chapter  keep  in  mind  the 
fact  that  wherever  the  tangent  method  or  the  chord  method  is  used  for 
plotting  ita  angle,  the  protractor  can  be  used  also,  provided  a  high  degree 
of  precision  is  not  required.  Likewise  the  cosine  and  sine  method  can  be 
used  if  desired  in  place  of  the  tangent  method,  but  the  two  are  so  nearly 
alike  that  the  former  is  not  explained  in  this  chapter. 

503.  Plotting  Each  Transit  Line  from  the  Preceding 
Transit  Line.  This  method  consists  simply  in  plotting  the 
angle  at  each  station  by  the  protractor  method,  by  the  tangent 
method,  by  the  chord  method,  or  by  the  cosine  and  sine  method, 
the  distance  between  stations  being  laid  off  with  a  scale.  When 
the  angle  is  a  large  one  it  may  be  necessary  to  plot  its  comple- 
ment or  supplement  as  explained  on  page  458. 

In  order  to  start  the  map  some  traverse  line  must  be  drawn 
from  an  assumed  point,  and  its  length  laid  off  to  scale.  The 
direction  in  which  it  is  drawn  and  the  position  of  the  assumed 
point  depend  upon  the  general  arrangement  of  the  entire  map. 
(See  p.  490  for  directions  for  starting  the  map.) 
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(a)  TANGENT  METHOD 
Table  I 


Angle 

Value 

Line 

Length 

Angle  Plotted 

Tangeni 

FAB 

66*44' 

AB 

404 

«y»-   56°  44' =33*  16' 

0.6560 

ABC 

258*30' 

BC 

312 

270°-258°30'-ll*»30' 

0.2034 

BCD 

31*56' 

CD 

550 

31»56' 

0.6232 

CDE 

150»36' 

DE 

386 

180°-150°86'-29°24' 

0.5635 

DBF 

67»  48' 

EF 

407.8 

90°-  OT*  48'- 22°  12' 

0.4081 

EFA 

154°  28' 

FA 

454.2 

TUiuiration.  Fig.  503  (a).  Before  beginning  to  plot.  Table  I  was  pre- 
pared; the  first  four  columns  were  taken  from  the  field  notes,  the  fifth 
eolunin  gives  the  angles  to  be  actually  plotted,  and  the  last  column  gives 
the  corresponding  natural  tangents. 
llius  the  draftsman  has  before  him 

all  the  data  necessary  to  plot  the  lines.  ^^  *^4? 

In  preparing  the  fifth  column  the  fact 
was  kept  in  mind  that  the  tangent 
methoci  is  best  adapted  to  plotting 
angles  of  45°  or  less.  (See  p.  458.) 
Hence  at  A  and  D  complemerUe  of  the 
angles  taken  in  the  field  were  used,  at 
D  the  aupplemerU,  at  B  270  minua  tfie 
angle,  but  at  C  the  original  angle  was  '^ 
used,  since  it  was  less  than  45°.  In  \ 
the  original  drawing  from  which  the 
figure  was  reduced  the  work  was  as 
fmlows:  Since  no  bearings  were 
given,  the  line  AF  was  assumed  in 
any  convenient  direction  and  its 
length  laid  off  to  scale.  A  perpen- 
dicular at  A  was  erected  and  the  oom- 
Slement  of  FAB  -  90° -56°  44'- 
3*  16'  was  plotted.  Ten  real  inches 
were  used  as  a  base  and  from  Table  I 
6.56"  was  the  length  of  the  tangent.  Thus  a  point  on  AB  was  found,  AB 
drawn,  and  its  length  laid  off  to  scale.  The  angle  at  B  is  nearly  270°, 
hence  a  perpendicular  was  erected  at  B.  270° -258°  30' -11°  30'.  and 
since  258*  30'  is  leas  than  270°  the  angle  11°  30'  must  be  plotted  back- 
wards or  counter-clockwise  from  the  perpendicular.  The  dotted  lines 
indicate  how  the  tangent  method  was  used  for  plotting  the  remaining 
angles.  The  plot  closes  if  the  last  line  passes  through  F^  and  the  dietance 
EF  ecalea  eorrectly.  If  another  check  is  desired  the  angle  at  F  may  be 
tested  by  producing  EF  and  measuring  the  perpendicular  at  a  point  10" 
from  F.  In  this  case  the  distance  EF  came  out  one  foot  too  long  to  a 
scale  of  1"  — 50'0".  The  tangent  measured  4.78",  which  corresponds  to 
25°  32'.  to  25°  33',  and  to  25°  34'.  The  correct  angle  is  180°- 154°  26'- 
25»  34'. 

Remark.     As  pointed  out  on  p.  458,  although  any  base  may  be  used,  10" 
It  the  most  convenient  length. 

(6)  CHORD  METHOD 

Table  II 
Angle      Value        Line  Length  Angle  Plotted  Angle +2    Sine     Chord 


Fia.  503  (a). 


FAB 
ABC 
BCD 
CDE 
DBF 
EFA 


56°  44' 
258°  30' 

31°  56' 
150°  36' 

67°  48' 
154«  26' 


AB 
BC 
CD 
DE 
EF 
FA 


404 

312 

550 

386 

407.8 

454.2 


56°  44' 
11°  30' 
81°  56' 
29°  24' 
67°  48' 
25°  34' 


28°  22' 
5°  45' 
15°  68' 
14°  42' 
33°  54' 
12°  47' 


.4751  9.50 

.1001  2.00 

.2750  5.60 

.2538  5.08 

.5578  11.16 

.2213  4.43 


TUuetration.    Before  beginning  to  plot,  Table  11  was  prepared;   the  first 
four  columns  were  taken  from  the  field  notes  and  the  last  four  were  added 
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for  puiposes  of  plotting.  In  preparing  the  fifth  column  the  fact  was  kept 
in  mind  that  in  the  chord  method  it  is  more  convenient  to  use  angles  leas 
than  73°  (p.  460).  Thus  at  D  the  supplement  of  the  angle  taken  in  the 
field  was  used,  while  at  B  270°  minus  the  angle  was  the  most   convenient 

angle  to  plot.  At  -A,  C,  and  E  the 
original  angles  are  less  than  73°.  If 
a  table  of  chords  is  at  hand  the  sine 
column  is  unnecessary. 

The  line  AF  was  assumed  to  start 
with.  An  arc  of  10"  radius  described 
from  il  as  a  center,  and  the  corre- 
sponding chord  9.5"  (from  Table  II), 
gave  a  point  on  AB.  The  distance 
to  B  was  laid  off  to  scale,  a  perpen- 
dicular at  B  was  erected,  the  angle 
11°  30'  (270°  -  258°  30'  see  TableTl) 
was  plotted,  and  the  direction  of  BC 
was  thus  obtained.  The  dotted  lines 
in  the  figure  indicate  how  the  arcs  and 
chords  were  used  in  a  similar  way  to 

J|lot  the  remaining  angles.  If  the  last 
ine  passes  through  F  and  the  distance 
EF  is  correct,  the  plot  closes.  The 
angle  at  F  can  be  measured  if  an  additional  check  is  desired.  The  dis- 
tance EF  came  out  a  little  less  than  407  instead  of  407.8  to  a  scale  of  1"«= 
60'  0".     The  chord  me .  sured  4.43,  showing  the  ar.gle  to  be  correct. 

Remark.  Any  radius  may  be  used  in  the  chord  method,  but  10*  is  the 
most  convenient  length,  especially  when  the  fiftieths  on  the  scale  are  used 
as  suggested  on  page  460. 

(c)  Checks.  Never  lay  off  an  angle  by  the  tangent  or  chord 
method  without  checking  it  roughly  with  the  protractor. 
When  a  traverse  is  plotted  by  direct  angles  an  excellent  check 
is  to  compute  the  bearings  of  aU  the  lines,  and  at  every  fourth 
or  fifth  station  measure  the  angle  of  bearing  of  the  line  that 
starts  from  that  station.  If  the  survey  is  a  closed  traverse,  it 
is  only  necessary  to  check  this  angle  roughly  with  the  protrac- 
tor, otherwise  check  it  carefully  by  the  tangent  or  chord  method, 
(See  p.  494  for  additional  directions  for  checking  traverses.) 

lUuetratUm,  Let  the  bearing  of  AB=S.  55'  0'  E.  The  calculated  bear- 
ing  of  DE  would  be  N.  26°  02^  E.  Draw  a  meridian  at  A  making  55"  C 
with  AB.  Through  D  draw  a  parallel  meridian,  andasee  if  the  angle  which 
it  makes  with  DE  is  26"  02' 

Remark.  A  check  like  the  above  is  more  necessary  in  a  survey  having 
a  large  number  of  stations. 

504.  Plotting  by  Deflection  Angles.  This  method  is  a 
modification  of  the  preceding  method.  It  corresponds  to  the 
method  of  running  transit  lines  given  on  page  120,  and  is  used 
for  lines  which  progress  more  or  less  in  one  direction,  as  in 
railway  work.  The  deflection  angle  at  each  station  is  plotted 
by  the  protractor  method,  by  the  tangent  method,  or  by  the 
chord  method,  preferably  the  latter.  A  mistake  to  be  avoided 
is  that  of  plotting  the  angle  on  the  wrong  side  of  the  transit 
line  produced.  As  some  angles  are  measured  to  the  right  and 
6ome  to  the  left,  this  mistake  is  likely  to  occur. 
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(a)  CHORD  METHOD 

Table  III 
Back-        Deflection  Angle 

tight.  Sta.   Right      Left      Line  Length  Ang.  Plot.  Ang.  4- 2  Sine   Chord 

AB    210.1 

A        J?    34»18'  BC     255.6      34°  18'  17*  09'     .2948       5.90 

B        C  Q^'^TKy    CD    321.1      64<»  20'  32*  10'     .5324     10.65 

C       D  7ef'4Sr  DE    342.8      13*12'     6»36'     .1149      2.30 


Fig.  504  (a). 
JttuHrathn.     The  first  six  columns  in  Table  III  are  the  field  notes. 
The  last  four  were  added  for  purposes  of  plotting.   Fig,  504  (a)  studied  in 
connection  with  these  last  four  columns  will  illustrate  the  method  of  plot- 
ting when  chords  are  used. 

(&)  Checks  are  the  same  as  those  given  for  the  preceding 
method.  As  this  method  is  used  most  often  for  surveys  that 
do  not  dose,  lines  should  be  checked  very  carefully  by  calcu- 
lated bearings  at,  say,  every  fourth^tation. 

505.  Plotting  by  Bearings.  This  method  consists  in  plot- 
ting each  line  by  laying  off  its  angle  of  bearing  from  a  line 
assumed  as  a  north-and-south  meridian.  The  protractor,  the 
chord  method)  the  tangent  method,  or  the  cosine  and  sine 
method  may  be  used  for  laying  off  the  angle  of  bearing. 

Note.  Except  n  compass  surveying  the  beannos  laid  off  are  always  caU 
euUucd  bearinqSt  i'ound  by  the  method  explained  in  Chapter  XXX.  Some- 
times these  bearings  are  calculated  from  the  true  bearing  of  some  traverse 
line,  sometimes  irom  the  magnet''^  bearing.  When  no  bearings  are  given, 
the  bearing  of  some  traverse  line  is  assumed,  and  the  corresponding  oear- 
ings  at  the  others  calculated.  These  bearing,  though  fictitious,  will  give 
the  true  relative  positions  ot  the  different  stations. 

Any  adjustments  of  angles  which  may  be  necessary  (see  p.  478)  should 
be  made  before  the  bearings  are  calculated,  and  the  adjusted  values  used  in 
the  calculations. 

(1)  There  are  two  general  methods  of  procedure.  In  the 
first,  all  bearings  are  plotted  from  the  same  line  and  afterwards 
transferred.  (2)  In  the  second,  lines  parallel  to  the  assumed 
meridian  are  drawn  through  all  the  stations,  and  the  bearing  of 
each  traverse  line  is  plotted  from  the  meridian  at  the  station 
from  which  the  traverse  line  starts.  In  either  method  it  is  con- 
venient to  assume  the  meridian  at  right  angles  to  the  T-square, 
Le.,  a  vertical  line,  with  the  north  point  at  the  top  of  the  map. 
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Sometimes,  however,  it  is  desired  to  assume  the  meridian  in 
some  other  position,  thus  making  the  east-and-west  line  oblique 
to  the  T-square.  In  such  cases  it  is  convenient  to  use  a  T- 
square  with  an  adjustable  head  so  that  the  edge  of  the  blade 
may  be  made  to  concide  with  an  east-and-west  Une  when  the 
head  is  in  contact  with  the  left-hand  edge  of  the  board.  (See 
Caution^  p.  473.) 

The  first  method  (plotting  IJaes  from  the  same  meridian)  will 
be  explained  in  detail,  both  for  the  tangent  and  the  chord 
method  of  plotting  bearings. 

(a)  TANGENT  METHOD  OF  PLOTTINa  BEARINGS 

Construct  near  the  center  of  the  paper  a  20"  square  and 
subdivide  it  into  four  10"  squares.  This  must  be  done  with 
accuracy,  and  the  large  and  small  squares  tested  by  measuring 
the  diagonals.  There  is  no  use  in  proceeding  farthei*  until  the 
diagonals  of  the  20"  square  are  equal,  the  sides  each  20"  long, 
and  the  diagonals  of  all  the.  10"  squares  equal  to  each  other. 
Assuming  the  vertical  line  through  the  center  of  the  20"  square 
as  a  north-and-south  line,  each  of  the  10"  squares  will  corre- 
spond to  one  of  the  four  quadrants  of  bearing,  N.E.,  S.E.,  S.W., 
and  N.W.  Plot  the  bearing  of  each  line  of  the  survey  by  meas- 
uring ten  times  the  natural  tangent  of  the  bearing  (or  if  the 
bearing  is  over  45®,  the  complement  of  the  bearing)  along  a 
side  of  that  10"  square  which  corresponds  to  the  quadrant  of 
bearing.  The  direction  of  each  line  of  the  survey  thus  obtained 
may  be  transferred  to  its  proper  place  in  the  plot  by  any  of  the 
accurate  methods  of  drawing  one  line  parallel  to  another  (p, 
439). 

Btmarh,  Some  other  length  than  20"  could  be  used  for  the  side  of  the' 
large  square,  but,  as  pointed  out  on  pace 
458,  lOr'  is  the  most  convenient  base  by 
which  to  multiply  the  natural  tangent. 

lllustratum.  In  Fig.  505  (a)  the  tran- 
sit lines  of  page  465  are  plotted  from 
bearings  using  the  tangent  method,  llie 
bearing  of  ^B  il  not  known  may  be  as- 
sumed as  any  convenient  bearing,  and 
the  bearings  of  the  other  lines  calculated 
from  the  transit  anglee  (Chap.  XXX); 
but  in  that  case  while  the  outline  will  be 
correct,  none  of  the  transit  lines  will 
be  in  its  really  correct  position  with  re- 
spect to  a  north-and-south  line.  In  the 
illustration,  however,  the  bearing  of  ^B 
was  known  to  be  S.  55°  E.  The  foUow- 
ing  table  was  pr^;>ared  for  pk>ttin8. 
FiQ.  506  (o>. 
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Table  IV 

Bearing 

Length 

Angle  Plotted 

Tangent 

S.  65°   C  E. 

404 

E.35°    0'   S. 

.7008 

8.  23"  30'  W. 

312 

S.  23°  30'  W. 

.4348 

N.  65°  28'  E. 
N.  26°  02'  E. 

650 

E.  34°  34'  N. 

.6890 

386 

N.  26°  02'  E. 

.4884 

N.  86°  10'  W. 

407.8 

W.    3°  50'  N. 

.0670 

S.  68°  16'  W. 

464.2 

W.  21'»44'   8. 

.3986 

Line 
AB 
BC 
CD 
DB 
EF 
FA 

The  letters  in  the  fourth  column  tell  how  to  lay  off  the  tangent.  Thus 
K.  34*  34'  N.  means  to  measure  the  corresponding  tangent  (0.689)  from 
E,  towards  N. 

Each  dotted  line  in  Fig.  506  (a)  was  determined  by  the  natural  tangent 
of  the  corresponding  angle  in  the  fourth  column  of  the  table.  Thus  AB 
w  E.  36°  S.,  hence  measure  down  7.0"  along  the  right-hand  side  of  the 
20"  square,  beginning  at  the  middle  point,  which  represents  the  east.  BC 
is  S.  23°  30'  W.,  hence  from  the  middle  of  the  lower  side  measure  4.34  (or 
better  4.36)  westward.  In  this  manner  the  directions  of  all  the  lines  in 
the  survey  are  ascertained. 

Each  line  in  the  perimeter  of  the  polygon  may  now  be  drawn  parallel 
to  the  corresponding  dotted  line.  A  starting-point  A  having  been  as- 
sumed (see  p.  491),  AB  was  drawn  parallel  to  the  corresponding  line 
in  the  S.E.  quadrant,  and  404  feet  to  scale  gave  B.  Through  B,  BC  was 
drawn  parallel  to  the  corresponding  line  in  the  S.W.  quadrant,  and  312 
feet  to  scale  ^ve  C  The  nnal  position  of  each  transit  line  was  deter- 
mined in  a  similar  manner. 

(6)  A  modified  method  of  plotting  hearings  by  natural  tangents 
is  to  draw  near  the  center  of  the 
paper  a  10"  square  instead  of  a 
20"  square,  using  the  right-hand  < 
side  for  a  north-and-south  line 
when  a  bearing  is  N.W.  or  S.W. 
and  the  left-hand  side  of  the  square 
for  a  north-and-south  line  when  a 
bearing  is  N.E.  or  S.E.  Thus  one 
square  is  made  to  answer  for  all 
four  quadrants  of  bearing.  Fio.  606  (b). 

(c)  CHORD  METHOD  OF  PLOTTING   BEARINGS 

Proceed  as  follows;  (1)  Near  the  center  of  the  paper  draw  a 
circle  exactly  20"  in  diameter.  (2)  Through  its  center  draw  a 
north-and-south  line  and  an  east-and-west  line.  (3)  Make  sure 
that  these  two  lines  are  mutually  perpendicular, — the  four 
chords  should  be  exactly  equal  to  each  other  and  each  equal  to 
14.14".  (4)  Prepare  a  table  similar  to  that  below.  (5)  Plot 
each  line  in  its  proper  quadrant  by  using  the  chord  value  of  its 
bearing.  (6)  Transfer  each  line  in  order  to  its  proper  position 
in  the  plot  by  any  of  the  accurate  methods  of  drawing  one  line 
parallel  to  another. 
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Fig.  505  (c). 


Remark.  A  circle  of  some  other  diam- 
eter could  be  used,  but  10"  is  the  most 
convenient  radius,  especially  if  the  fif- 
tieths on  the  scale  are  used  as  suggested 
on  ip.  460. 

Illustration.  In  Fig.  505  (c)  the  same 
survey  as  plotted  in  the  preceding  exam- 
ples is  shown-  If  no  bearings  were  taken  in 
the  field,  one  may  be  assumed  for  one  of 
the  lines  and  the  bearings  of  the  other 
lines  calculated.  In  that  case  none  of 
the  lines  will  be  in  its  correct  position, 
but  the  outline  of  the  figure  will  be  cor- 
rect, which  in  many  cases  is  all  that  is 
wanted.  In  the  illustration,  however, 
AB  was  known  to  be  S.  55°  E.  The  fol- 
lowing table  was  prepared  for  plotting. 

Table  V 


Line        Bearing         Length      Angle  Plotted    Angle -^  2    Sine     Chord 


AB 
BC 
CD 
DE 
EF 
FA 


S.  55«  0'  E. 
S.  23°  30'  W. 
N.  55°  26'  E. 
N.  26°  02'  E. 
N.  86°  10'  W. 
S.  68°  16'  W. 


404 

312 

550 

386 

407.8 

454.2 


S.  65°  0'  E. 
S.  23°  30'  W. 
N.  65°  26'  E. 
N.  26°  02'  E. 
W.  3°  50'  N. 
S.  68°  16'  W. 


27°  30' 
11°  45' 
27°  43' 
13°  01' 
1°55' 
34°  08' 


.4617 
.2036 
.4651 
.2252 
.0334 
.5611 


9.23 
4.07 
9.30 
4.50 
0.67 
11.22 


The  dotted  lines  radiating  from  the  center  of  the  circle  in  Fig.  505  (c) 
were  plotted  by  laying  off  the  chords  given  in  the  last  column  of  the  table. 
Thus  AB  is  S.  55°  0'  E.,  hence  from  the  lower  end  of  the  vertical  diameter 
lay  off  a  chord  easterly  of  9.23".  BC  is  S.  23°  30'  W.,  hence  lay  off  a 
chord  from  the  same  point  westerly  of  4.07".  In  this  manner  the  direc- 
tions of  all  the  lines  in  the  survey  were  determined. 

Each  line  iy?  the  perimeter  of  the  polygon  was  then  drawn  parallel 
to  the  corresponding  dotted  line.  A  starting-point  A  having  been  assumed 
(see  p.  491),  AB  was  drawn  parallel  to  the  corresponding  line  in  the  S.E. 
quadrant,  and  404  feet  to  scale  gave  B.  Through  B,  BC  was  drawn  par- 
allel to  the  corresponding  line  in  the  S.W.  quadrant,  and  312  feet  to  scale 
gave  C.  The  final  position  of  each  transit  line  was  obtained  in  a  similar 
manner. 

id)  A  modified  method  of  plotting  hear- 
ings by  chords  is  shown  in  Fig.  505  (d). 
The  four  quadrants  occupy  the  same 
space,  otherwise  the  method  is  unchanged. 
This  method  may  be  used  when  a  20" 
circle  will  not  come  within  the  limits  of 
the  paper  and  it  is  not  desirable  to  use  a 
radius  of  less  than  10".  The  dotted  lines 
in  the  figure  correspond  to  the  transit  lines 
in  Fig.  505  (c). 

(e)  A  second  method  of  plotting  bearings  by  tangents  or  chords. 
In  this  method  instead  of  plotting  the  bearings  of  all  the  transit 
lines  from  one  north-and-south  line,  the  bearing  of  each  line  is 
plotted  from  a  north-and-south  line  drawn  through  the  station 
at  the  beginning  of  the  line.  Otherwise  the  method  is  the  same 
as  the  preceding  one.     In  this  method  errors  are  less  likely  to 


Fig.  505  (<f). 
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occur  in  drawing  parallel  lines,  but  more  work  is  involved  in 
the  plotting. 

Another  method  sometimes  used  for  large  maps  is  to  draw  a 
rectangle  which  shall  include  as  much  as  possible  of  the  map 
and  at  the  same  time  be  divisible  into  ten-inch  squares.  The 
bearing  of  a  line  starting  from  any  station  may  then  be  laid 
off  in  the  square  nearest  the  station  and  afterward  transferred 
to  the  station.  If  the  outside  rectangle  is  carefully  checked 
and  the  squares  are  laid  off  entirely  by  measurement,  the  errors 
due  to  the  use  of  T-square  and  triangles  are  avoided.  (See 
Caution,  p.  473.) 

(/)  Checks.  The  angle  at  each  station  should  be  checked 
roughly  with  the  protractor,  or  if  the  survey  is  not  a  closed 
traverse,  more  accurately  by  the  tangent  or  by  the  chord 
method.  When  lines  have  been  plotted  by  bearings  there  is  no 
check  which,  if  applied  at  any  station,  will  check  all  of  the 
previous  courses.  This  is  one  objection  to  this  method  of 
plotting,  since  if  each  angle  must  be  checked  by  some  accurate 
method,  that  method  might  as  well  be  used  to  start  with.  The 
method  of  plotting  by  bearings  is  best  suited,  therefore,  for 
closed  traverses  where  it  is  sufficiently  accurate  to  check  angles 
with  the  protractor.  (See  p.  494  for  additional  directions  for 
checking  traverses.) 

506.  Plotting  by  Azimuths.  The  method  is  practically 
the  same  as  that  given  for  plotting  bearings.  The  only  differ- 
ence is  that  the  angle  plotted  at  each  station  is  the  azimuth  of 
the  next  line  instead  of  the  bearing.  The  checks  are  similar  to 
those  given  above. 

507.  Plotting  Transit  Lines  by  Latitudes  and  Depar- 
tures. This  method  consists  in  selecting  one  of  the  stations  as 
a  reference-point  (origin)  and  plotting  each  of  the  other  sta- 
tions by  its  total  distance  east  or  west^  and  its  total  distance  north 
or  south  of  the  reference-point  (origin).  These  two  coordinate 
distances  by  which  each  station  is  plotted  are  obtained  from  the 
latitudes  and  departures.  For  purposes  of  plotting,  it  makes 
no  difference  which  station  is  chosen  for  a  reference-point;  it 
is  well  to  select  the  most  westerly  station,  especially  as  this  is 
done  when  areas  are  computed  from  the  latitudes  and  departures. 

Note.  Except  in  compass  surveys  the  bearings  used  in  computing  lati- 
tudes and  departures  are  always  calculated  bearings,  based  upon  a  mag- 
netic, a  true,  or  an  assumed  meridian,  and  upon  the  adjusted  or  final 
values  of  traverse  angles.     (See  note,  p.  467.) 
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Latitudes  and  departures  may  also  be  calculated  directlv  from  azimuthi 
(see  p.  387),  and  the  above  holds  true  for  azimuths  as  well  as  for  bearings. 

(a)  7'o  determine  which  is  the  most  westerly  station :  This  can 
usually  be  done  by  inspection  of  the  bearings.  Start  with  any 
line  and  follow  around  the  survey  until  the 
station  is  reached  where  the  bearing  changes 
from  W.  to  E.  Thus  if  AB  is  N.E.,  BC  is 
S.E.,  CD  is  S.W.,  DE  is  S.W.,  EF  is  N.W., 
and  FA  is  N.E.,  without  consulting  the  figure 
at  all  it  is  seen  from  the  bearings  that  F  is 
Fio.  607  (a).  ^^®  most  westerly  station,  because  at  F  the 

lines  stop  running  west  and  begin  to  run  east. 
When,  however,  there  are  two  such  points  where  lines  change 
from  west  to  east,  as,  for  example,  if  F  in  Fig.  507  (a)  were  at 
F',  it  is  sometimes  necessary  to  add  up  the  departures  each 
way,  starting  from  some  easterly  station.  Thus,  if  the  sum  of 
the  departures  of  CB  and  BA  is  greater  than  the  sum  of  the 
departures  of  CD  and  DE  then  A  is  the  most  westerly  station, 
otherwise  E  is  farther  west  than  A,  A  still  better  method, 
especially  when  there  are  a  large  number  of  sides  to  the  poly- 
gon, is  to  start  with. any  station  as  an  origin,  and  find  by  a 
preliminary  tabulation  similar  to  the  last  column  on  page  474, 
the  total  departure  of  each  station  from  the  assumed  origin. 
The  station  having  the  largest  minus  departure  is  the  most 
westerly  station. 

(6)  General  method  of  plotting  by  latitudes  and  de- 
partures. 

(1)  Compute  and  tabulate  the  latitudes  and  departures  of  all 
transit  lines.     (See  p.  389.) 

(2)  Add  to  the  table  three  columns  for  plotting,  headed  re- 
spectively Station,  Total  Latitude,  Total  Departure. 

(3)  Choose  the  most  westerly  station  as  a  point  of  reference 
or  origin.  Its  total  latitude  and  its  total  departure  (its  two 
co6rdinates)  are  both  zero. 

(4)  With  this  station  as  an  origin,  compute  the  two  co6rdi- 
nate  distances  for  each  of  the  other  stations  in  turn  as  follows: 
Add  algebraically  the  latitudes  of  all  traverse  lines  passed  over 
in  going  from  the  origin  to  the  required  point;  this  will  give 
one  coordinate,  the  total  latitude.  Add  algebraically  the  de- 
partures of  these  same  lines;  this  will  give  the  other  coordinate, 
the  total  departure.  Enter  the  result  for  each  station  in  the  last 
two  colmnns. 
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(5)  Find  the  size  of  the  rectangle  *  which  just  encloses  the 
survey,  i.e.,  the  most  westerly  station  will  be  on  the  left-hand 
side  of  the  rectangle,  the  most  easterly  station  on  the  right- 
hand  side,  the  most  northerly  on  the  upper  side,  and  the  most 
southerly  on  the  lower  side.  The  largest  total  north  latitude 
in  the  plotting  column,  plus  the  largest  total  south  latitude, 
will  be  one  side  of  the  rectangle;  since  there  is  no  total  west 
departure  in  the  plotting  column  the  largest  total  departure 
east  will  be  the  other  side  of  the  rectangle. 

(6)  Draw  the  rectangle  to  the  scale  chosen  for  plotting  the 
map.  Check  it  by  measuring  each  side,  and  by  seeing  that  the 
diagonals  are  equal.  The  accuracy  of  the  whole  map  depends 
upon  the  accuracy  of  this  rectangle, — it  is  worth  while  to  get 
it  right  to  start  mth.     (See  suggestion  (3),  p.  475.) 

(7)  Locate  each  transit  station  by  its  two  co5rdinate  dis- 
tances. Measure  from  the  two  nearest  sides  of  the  rectangle,  sub- 
tracting if  necessary  values  in  the  table  from  the  lengths  of  the 
corresponding  sides  ot  the  rectangle. 

(8)  Connect  the  transit  stations  by  fine  lines  and  measure  (he 
length  of  each  transit  line  to  see  if  it  checks  with  the  length  used 
in  calculating  the  latitudes  and  departures.  (See  abo  additional 
cheeky  p.  475.) 

Caution.  The  object  in  measuring  from  the  two  nearest  sides  in  (7)  is 
to  reduce  the  errors  likely  to  arise  when  the  T-square  is  used  for  projecting 
a  point  any  considerable  distance  across  the  drawing-board. 

In  very  accurate  work  it  is  better  not  to  rely  upon  the  T-square  and 
triangles  but,  having  made  sure  that  the  rectangle  is  correct,  to  proceed 
as    follows:     Find    by    measurement    a 
point  on  the  east  side  of  the  rectangle 
exactly  opposite  the  station  used  as  the 

origin,  and  draw  an  east-and-west  line  r/^>RC*^~i'        ^S"^"'^ 

from  the  origin  to  this  point  for  use  as  a  fe/  *^  nI^      "^  ^ 

reference-line  in  measurms  latitudes.    To  Lt-  >^  j"**  j^ 

plot   any  station,   lay  on   its   total  de-  tC ^*  u/i 

parture  twice,  once  along  the  north  side  |  \  O  /  j 

of  the  rectangle  and  once  along  the  south  j  \  /  | 

side.     On  the  line  between  the  two  points  l^t  \  /  OJ 

thus  obtained,  lay  off  the  total  latitude  }   /#  \  _.  m  /      * 

of  the  station,  north  or  south  as  the  case  •"'^-iF  Al^..2 

may  be,  measured  from  the  east  and  west  j^      /  ^^^^^       \ 

reference-line.  _       .         .        ,    .  r*     U       ^^^•^^"^     ml         I 

(c)  Illustration,     For  the  sake  of  sun-  }  -  /S„^^''^^»r  <;   o    I 

plicity  whole  numbers  are  used  for  lati-  LS^I^Z. .« — . — j.  JL-j 

tudes  and   departures   in   the   following 

illustration.     Since    the    values    of    the  i3v      e/«  /  x 

bearings  and  the  lengths  of  the  hues  do  Fia.  607  (c). 

not  enter  directly  into  the  plotting,  they 

are  purposely  omitted. 


♦  The  author  prefers  to   use  this  rectangle  for  measuring   coordinates 
in  place  of  two  coordinate  axes  through  the  most  westerly  station. 
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Line 


Latitude      Departure  Total     Total 

Bearing  Length  North  South  East  West   Station    Lat.      Dep. 


+ 

. 

+ 

— 

AB 

N.-E. 

19 

9 

B 

+   4 

50 

BC 

S.-W. 

8 

25 

C 

-   4 

25 

CD 

N.-W. 

16 

15 

D 

+  12 

10 

DE 

S.-W. 

12 

10 

E 

0 

0 

EF 

S.-E. 

14 

11 

F 

-14 

11 

FQ 

S.-W 

14 

5 

O 

-28 

6 

GA 

N.-E 

13 

35 

A 

-15 

41 

48         48         55         55 

(1)  The  latitudes  and  departures  are  first  computed  and  tabulated* 

(2)  The  headings  of  the  last  three  columns  are  entered  as  shown. 

(3)  Running  the  eye  down  the  second  column  it  is  seen  that  either  E 
or  G  must  be  the  most  westerly  station.  Art.  507  (a).  Adding  departures 
from  B  to  E  (25  +  15+10) -50;  from  B  to  G  =  9  +  35  =  44.  Hence  E  is 
6  feet  farther  west  than  G.     The  coordinates  of  E  are  0  and  0. 

(4)  Coordinates  of  the  other  stations  from  E  as  the  origin  are  found  as 

follows:    Latitudes:   F=-14.     G= -14  +  (- 14)=  ^28.     A 28  +  13=. 

-15.  B--15  +  19=+4.  C=+4+(-8)  =  -4.  Z>= -4  +  16  = +  12. 
£?=  +  12+(-12)=0  (check).  The  departure  coordinates  are  7^  =  11. 
G  =  ll  +  (-5)=6.  A=6+35=41.  B  =  41  +  9  =  50.  C -50+ (-25)  =25. 
i)  =  25+(-15)  =  10.     £:  =  10+(-10)=0  (check). 

(5)  In  the  column  of  total  latitudes  the  largest  north  latitude  is  12; 
the  largest  south  latitude  is  28,  hence  one  side  of  the  rectangle  is  12  +  28=» 
40  feet.  The  other  side  of  the  rectangle  is  equal  to  the  largest  total  de- 
parture or  50  feet.     Size  of  rectangle  is  40  feet  by  50  feet. 

(6)  Draw  the  rectangle  to  scale,  and  check  it  by  measuring  its  sides 
and  diagonals. 

(7)  Ijocate  the  origin.  E.  It  is  on  the  western  side  of  the  rectangle,  a 
distance  from  tp^  top  equal  to  the  largest  total  latitude  north*  =  12  feet. 
In  this  case  this  distance  happens  to  be  the  latitude  of  ED  also.  Check  B 
by  measuring  its  distance  from  the  lower  side  of  the  rectangle;  it  should 
be  equal  to  the  largest  total  latitude  south  =*  28  feet.  Locate  each  of  the 
other  stations  by  its  codrdinates.  measuring  as  far  as  possible  along  the 
sides  of  the  rectangle.  Thus  to  locate  C  make  a  point  4  feet  below  E  on 
the  west  side  of  the  rectangle,  and  another  point  on  the  north  side  25  feet 
from  the  comer  and  draw  projecting  lines  from  these  two  points  as  indi- 
cated. For  any  station  remote  from  E  as  A,  it  may  be  more  convenient 
and  more  accurate  to  measure  from  the  two  nearest  sides. 

(8)  Test  the  length  of  every  traneU 
line  by  scaling  it.  '^eat  also  the  angle 
DEF.     (Why?)     See  Art.  507  (/). 

(d)  Illustration.  In  Fig.  507  (d) 
the  transit  lines  already  plotted  by 
the  other  methods  are  plotted  by 
latitudes  and  departures.  The  actual 
measurements  used  are  given  on  the 
figure.  V  Station  D  was  located  by  the 
departure  of  D^  =  169.4  and  by  the 
latitude  of  CD  =  31 2.0,  because  these 
two  distances  were  more  convenient 
to  use  than  the  two  coordinates 
given  in  the  table.  Similar  modifi- 
•  9/irr  /^^  i  ca^io'is  of  the  method  will  become 
L_^^"iJi*i „ »     apparent  from  inspection. 


828,9 


Fig.  507  id). 
^  „  Latitude       Departure  Total    Total 

Lme     Bearmr      Length  North  South  East     West  Station  Lat.  Depart 
AB   S.  55<»    O'E.    404.0  231.7 

BC    S.  23'»30'W.  312.0  286.1 

CD  N.  55<»  26'  E.  550.0  312.0 
DE  N.  26°  02'  E.  386.0  346.8 
EF  N.  86<»  10'  W.  407.8  27.3 
FA    S.  68'*  16'  W.  454.2 


168.2 


330.9 

B 

-231.7 

330.9 

124.4 

C 

-517.8 

206.5 

452.9 

D 

-205.8 

659.4 

169.4 

E 

+  141.0 

828.8 

406.9 

F 

+  168.3 

421.9 

421.9 

A 

0.1 

0.0 

686.1    686.0   953.2   953.2 
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(01  Sugge&tiona.  (1)  On  large  maps  it  is  often  advisable  to  subdivide 
the  reference  rectangle  into  scjuares  of  any  convenient  size,  say  10",  and  to 
use  these  squares  for  measuring  off  the  codrdinates.  If  these  squares  are 
all  drawn  at  the  outset,  any  shrinkage  or  expansion  which  may  take  place 
in  the  paper  will  not  affect  the  relative  positions  of  stations  subsequently 
plotted,  provided  the  squares  are  taken  as  the  basis  of  measurement 
instead  of  the  original  scale.  It  is  sometimes  expedient  not  to  draw  the 
entire  reference  rectangle,  but  only  those  supplementary  sq^uares  needed 
for  plotting,  especially  if  the  survey  does  not  close  but  zigzags  in  one 
general  direction.  (2)  It  is  frequently  advantageous  to  assume  the  refer- 
ence rectangle  so  that  no  side  is  horizontal  or  vertical.  (See  directions  for 
starting  the  map,  p.  490.)  In  thf^t  case  it  may  be  expedient  to  use  a 
T-square  with  adjustable  head,  and  to  set  the  blade  to  coincide  with  the 
lower  and  upper  sides  of  the  rectangle.  (3)  If  in  testing  the  reference 
rectangle  it  is  found  that  the  diagonals  are  not  exactly  equal,  each  ri^ht 
angle  may  be  tested  by  laying  off  10  inches  along  each  side  and  measurmg 
between  the  two  points  thus  obtained  to  see  if  the  distance  is  14.142  inches. 
See  Art.  496  (e),  p.  461.)  (4)  Sometimes  instead  of  plotting  all  stations 
from  the  same  origin,  each  station  is  plotted  by  its  latitude  and  departure 
from  the  preceding  station.  The  only  advantage  in  this  is  that  by  check- 
ing the  total  latitude  and  departure  of  the  last  station  from  the  first  station 
all  lines  between  these  two  stations  are  checked.  This  check  is  cf  the 
most  value  when  the  traverse  does  not  form  a  closed  figure.  (5)  Let  a  fine 
dot  represent  the  position  of  each  station,  draw  a  small  free-hand  circle 
around  the  dot  and  draw  no  lines  of  any  kind  inside  this  circle.  Then 
there  will  always  be  a  definite  point  to  measure  from,  unobscured  by  lines. 

(/)  Checks.  In  addition  to  the  check  afforded  by  measuring 
distances  between  stations,  it  is  well  to  test  with  the  protractor 
.the  angle  between  two  lines  when  either  of  these  lines  is  nearly 
parallel  to  one  of  the  co6rdinate  axes.  This  is  because  a  mis- 
take made  in  measuring  perpendicular  to  that  axis  does  not 
greatly  affect  the  length  of  the  line.  If  preferred,  the  test  in 
such  a  case  may  be  made  by  checking  the  bearing  of  the  line. 
(See  also  check  in  suggestion  (4)  above.) 

508.  Methods,  of  Plotting  Traverses  Compared.  The 
methods  of  plotting  angles  by  the  protractor,  by  tangents,  by 
cosine  and  sine,  and  by  chords  have  already  been  compared  on 
page  461.  In  a  test  carried  on  with  a  large  number  of  students 
the  author  has  found  that,  apparently,  there  is  little  difference 
between  the  tangent  method  and  the  chord  method,  either  in 
the  time  required  to  plot  a  closed  traverse  or  in  the  accuracy 
attained.  If  anything  the  chord  method  seemed  to  be  the 
quicker,  and  when  the  ''home-made"  beam  compass  (p.  460) 
was  used  the  results  were  fully  as  accurate.  This  is,  perhaps, 
contrary  to  the  general  impression. 

The  chief  advantage  in  plotting  direct  angles  or  deflection 
angles  lies  in  the  fact  that  the  check  (p.  466)  applied  every  few 
stations  checks  all  previous  courses,  while  if  lines  are  plotted 
by  hearings  or  azimuths  no  such  single  check  can  be  used^.  On 
the  other  hand  if  a  mistake  is  made  in  laying  off  the  direction 
of  one  course  and  it  is  not  discovered  imtil  a  number  of  sue- 
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ceoding  courses  have  been  plotted,  the  direction  of  each  of 
these  courses  must  be  changed,  while  if  they  have  been  plotted 
by  bearings  or  azimuths  the  correction  may  be  made  by  mov- 
ing each  line  parallel  to  itself.  For  the  same  reason,  when 
plotting  by  direct  angles  or  deflection  angles  small  errors  in 
direction  are  likely  to  accumulate,  though  this  may  be  reme- 
died by  plotting  every  fifth  line  or  so  by  its  bearing  (p.  466). 

The  method  of  bearings  or  the  method  of  azimuths  is  best 
adapted  to  plotting  surveys  which  close,  for  it  is  difficult  to 
«heok  lines  plotted  by  either  of  these  methods  if  the  traverse 
does  not  form  a  closed  figure. 

The  method  of  plotting  by  coordinates  (or  latitudes  and  de- 
partures) is  generally  recognized  as  the  best  method  for  plotting 
the  average  map.  The  preliminary  computations  are  some- 
what longer  than  those  required  for  the  other  methods,  but  on 
the  other  hand  they  may  be  used  for  supplying  missing  data 
and  for  calculating  areas.  The  draftsman  knows  before  he 
begins  to  plot  whether  or  not  a  traverse  closes,  while  in  the 
other  methods  if  it  fails  to  close  he  is  uncertain  as  to  whether 
the  error  is  in  the  field  work  or  in  the  plotting.  Since  stations 
are  plotted  independently  errors  cannot  accumulate,  but  on  the 
other  hand  intermediate  stations  cannot  be  checked  by  check- 
ing the  last  station  unless  suggestion  (4),  p.  475,  is  carried 
out.  One  of  the  chief  advantages  of  the  method  is  that  the 
size  of  the  map  may  be  ascertained  before  plotting  is  begun, 
since  in  the  majority  of  cases  it  is  approximately  the  size  of  the 
reference  rectangle. 


CHAPTER  XL 

WORKING  tJP  FIELD  NOTES  PREPARATORY  TO  PLOTTINa 

The  details  of  a  survey  are  usually  plotted  directly  from  the  field  notes 
with  little  if  any  preparatory  work.  On  the  other  hand  more  or  less  pre- 
liminary computation  is  necessary  before  the  traverse  lines  can  be  plotted. 
Moreover  the  notes  pertaining  to  traverse  lines  are  often  scattered  through 
many  pages  of  the  note-book.  It  saves  time,  therefore^  to  get  together 
an  the  data  needed  for  computation  and  plotting,  to  make  aH  the  prelimi- 
nary calculations  and  to  arrange  results  in  such  a  systematic  manner  that 
when  plotting  is  begun  the  undivided  attention  may  be  given  to  the  me- 
chanical portion  of  the  work. 


509.  The  Method  of  Working  Up  Notes  depends  largely 
upon  the  method  to  be  used  in  plotting.  In  any  event  it  is 
well  to  make  a  rough  free-hand  sketch  of  the  main  lines  or 
skeleton  of  the  survey,  and  to  put  on  this  sketch  all  lengths  and 
angles  which  will  be  needed  for  computation  and  plotting.  It 
is  better  to  take  the  time  for  this  at  the  beginning  of  the  work 
than  to  stop  in  the  midst  of  a  computation  to  search  the  field 
notes  for  necessary  data. 

Having  thus  gathered  all  the  data  that  in  any  way  affect  the 
main  lines,  it  may  be  necessary  to  correct  or  adjust  values. 
The  adjusted  values  of  lengths  and  angles  (or  bearings)  may  be 
written  in  red  ink  on  the  original  sketch,  or  a  new  sketch  may 
be  made  showing  only  such  data  as  will  be  needed  for  compu- 
tation or  plotting.  From  this  sketch  the  draftsman  can  see 
what  angles  are  td  be  plotted  (they  are  often  the  complements 
or  supplements  of  fhe  angles  measured  in  the  field),  or  if  the 
lines  are  to  be  plotted  by  latitudes  and  departures  this  sketch 
will  be  very  useful  in  the  preliminary  calculation. 

When  the  protractor  is  used,  no  further  preparation  is  neces- 
sary, as  the  lines  can  be  plotted  directly  from  the  data  on  the 
sketch.  When,  however,  the  more  accurate  methods  are  em- 
ployed, additional  data  will  be  needed  before  the  work  of  plot* 
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ting  is  begun.     The  additional  data  required  for  each  of  the 
different  methods  of  plotting  are  indicated  in  Art.  515,  p.  483.  . 

Remark.  It  is  well  to  keep  all  sketches,  computations,  and  results  in  a 
separate-leaf  note-book,  such  as  that  described  on  p.  363. 

510.  Correcting  Measurements.  Paradoxical  as  it  may 
seem,  the  more  accurate  the  field  work  the  more  important  it 
may  be  to  correct  the  field  measurements,  for  in  order  to  obtain 
results  of  a  high  degree  of  precision,  certain  refinements  are 
necessary  which  are  entirely  omitted  in  ordinary  work.  The 
corrections  given  below  may  or  may  not  be  necessary,  depend- 
ing upon  the  nature  of  the  work.  They  are  usually  so  small 
that  they  are  not  needed  for  purposes  of  plotting,  but  they 
may  be  needed  for  purposes  of  calculation  or  for  permanent 
record. 

(o)  Linear  measurements  may  be  corrected  for  error  in  the 
length  of  the  tape,  p.  39,  for  error  due  to  temperature,  p.  40, 
and  occasionally  for  sag  and  pull,  pp.  41-42.  If  a  distance  is 
chained  aiong  a  slope  instead  of  in  horizontal  stretches,  the 
calculated  correction  is  applied,  p.  35.  In  the  case  of  inclined 
stadia  readings,  corrections  are  made  as  explained  on  p.  480. 

(6)  Angularmeasurements,  Few  corrections  can  be  applied  to 
angular  measurements.  In  compass  surveying  bearings  affected 
by  local  attraction  may  be  corrected  as  explained  on  p.  297. 

511.  Adjusting  Measurements  means  changing  the  angles 
and  distances  given  in  the  notes  so  that  they  will  conform  more 
nearly  to  conditions  which  are  known  to  exist.  Adjustments 
are  usually  made  for  purposes  of  calculation,  not  for  plotting. 

(a)  Linear  measurements.  If  more  than  one  value  is  given 
for  a  distance,  the  mean  may  be  taken,  throwing  out  any  value 
that  is  obviously  incorrect.  When  only  one  value  is  given  it  is 
not  changed  unless  some  obvious  mistake  is  detected,  such  as 
an  even  hundred  feet  in  chaining  or  reading  from  the  wrong 
end  of  the  tape,  as,  for  example,  54  instead  of  46.  Sometimes 
several  consecutive  measurements  are  made  along  a  line,  as  in 
taking  offsets;  when  their  sum  does  not  exactly  equal  the  total 
measurement,  if  it  is  worth  while  correcting  the  error  it  may 
be  distributed  among  the  partial  measurements  in  proportion 
to  their  lengths. 

(6)  Angular  measurement.  The  most  common  adjustment  of 
angles  is  in  the  case  of  a  closed  figure,  when  the  error  in  the 
«um  of  the  interior  angles  (p.  119)  may  be  distributed  equally. 
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When  a  number  of  angles  are  clustered  about  the  same  point, 
the  same  adjustment  may  be  made  in  order  to  make  their  sum 
equal  360**.  When  several  angles  at  the  same  station  are 
checked  by  measuring  another  angle,  the  error  is  distributed 
among  all  the  angles,  including  the  check  angle.  (See  p.  14.) 
One  should  not  be  tied  down  by  rules,  however,  for  it  is  often 
better  to  change  some  of  the  angles  without  changing  others. 
An  illustration  ^ven  below  shows  how,  by  merely  changing  six 
of  the  twenty  angles  of  a  survey,  five  conditions  were  fulfilled. 
When  several  values  are  given  for  each  angle,  the  mean  value 
may  be  used.  The  mean  value  may  be  further  modified  if 
necessary  in  order  that  the  interior  angles  of  a  polygon  may 
add  up  correctly,  or  that  some  other  condition  may  be  fulfilled. 
Thus,  for  example,  in  class  work,  where  several  parties  work 
independently  but  use  the  same  stations,  mean  values  may  be 
foimd.  these  values  adjusted,  and  the  survey  plotted  from  the 
composite  values  thus  obtained. 

(c)  Remark.  It  must  be  remembered  that  in  many  cases  nothkiK  is 
gained  by  adjusting  the  measurements  given  in  the  field  notes.  The  pur- 
pose of  the  survey  and  the  limit  of  error  will  determine  whether  or  not 
adjustment  is  necessary. 

Sometimes  aft^r  latitudes  and  departures  have  been  calculated  further 
adjustment  of  angles  and  distances  may  be  made.     (See  pp.  394-398.) 

Id)  Illustration.  In  the  survey  on  page  390  each  distance  and  each  angle 
was  originally  obtained  by  taking  the  mean  of  several  measurements.  No 
further  adjustment  of  distances  was  possible.  The  angles,  however,  were 
adjusted  on  the  following  assumptions: 

(1)  In  the  two  five-sided  pol^'gons  the  sum  of  the  interior  angles  must 


(2) 


Tial  540°. 
e  one  fournsided  polygon  the  sum  of  the  interior  angles  must 
equal  360°. 

(3)  In  the  two  triangles  the  sum  of  the  interior  angles  must  equal  180°. 

(4)  The  sum  of  the  four  angles  at  Y  must  equal  360°. 

(5)  In  the  ten-sided  polygon  NOPQRSTUVWN,  the  sum  of  the  interior 

angles  must  equal  1440°. 

Since  it  was  not  desired  to  carry  any  angle  to  seconds,  the  adjustment 
was  made  by  changing  six  of  the  twenty  angles  as  indicated  in  the  figure. 
In  no  angle  did  the  change  exceed  one  minute. 

(e)  In  work  of  great  preciaion  adjustment  of  observed  values  may  be 
made  by  the  method  of  least  squares;  this  is  a  theoretical  method  of 
deducing  the  most  probable  results  of  a  set  of  measurements.  If  some  of 
the  measurements  are  thought  to  be  more  accurate  than  others,  they  are 

Siven  weight  and  treated  accordingly.  Equations  are  formed  from  con- 
itions  known  to  exists,  probable  errors  are  calculated,  and  theoretical 
values  of  angles  and  distances  are  deduced.  The  method  is  seldom  used 
in  ordinary  plane  surveying. 

512.  Calculating  Bearings.  If  the  bearings  of  lines  are 
needed  for  plotting  and  they  are  not  given  in  the  notes,  they 
may  be  calculated  by  the  method  explained  in  Chapter  XXX, 
provided  the  bearing  of  one  line  is  known.  For  purposes  of 
plotting,  however,  it  is  not  essential  that  the  bearing  of  even 
one  line  should  be  given,  for  the  relative  positions  of  stations 
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will  be  correct  if  the  bearing  of  any  line  be  assumed,  and  the 
bearings  of  the  other  lines  be  calculated  from  that  assumed 
value.  In  such  a  case  it  makes  little  difference  what  bearing 
is  assumed  to  start  with. 

Sometimes  a  true  meridian  is  established  in  a  survey  (Chap- 
ter XXVIII)  and  the  true  bearing  of  some  main  line  found  by 
measuring  the  angle  it  makes  with  the  meridian.  The  true 
bearings  of  the  other  lines  can  then  be  calculated.  (See  p.  391 
for  an  example.) 

In  calculating  all  bearings  the  final  adjusted  values  of  angles 
are  used.  Make  sure  that  bearings  are  consistent ,  i.e.,  all 
forward  bearings  or  all  back  bearings. 

In  compass  surveys  the  magnetic  bearings  are  usually  plotted, 
for,  of  course,  no  calculated  bearings  are  possible. 

513.  Supplying  Missing  Data.  When  the  length  of  a  line  or 
the  value  of  an  angle  is  not  given  in  the  field  notes  it  can  often 
be  calculated  by  the  methods  explained  in  Chapter  XXXII. 
Notice,  however,  that  in  such  cases  there  is  no  check  on  the 
field  work,  and  hence,  as  pointed  out  in  the  note  at  the  begin- 
ning of  Chapter  XXXII,  closing  angles  and  dista-nces  should  be 
measiu^d  whenever  practicable. 

514.  Reducing  Stadia  Notes  means  finding  the  horizontal 
distance,  or  the  vertical  distance,  or  both,  for  each  sight  in 
which  the  vertical  angle  a  is  large  enough  to  be  taken  into 
account  (ordinarily  3**  or  larger,  see  p.  308).  The  formulas  for 
inclined  sights  derived  on  p.  306  are: 

Horizontal  di8tance=R—R  sin^  a+C  cos  a 

==i2  cos'  a  +  Ccosa. 
Vertical  distance      =22isin2a  +  Csina. 

When  there  are  many  readings  to  be  reduced,  the  work  in- 
volved in  substituting  in  these  formulas  would  become  a  serious 
objection  to  the  entire  stadia  method.  Fortimately  the  terms 
R  cos'  a  and  R  i  sin  2a  are  independent  of  the  instrument  or 
the  linear  unit  used,  and  hence  their  values  for  different  vertical 
angles  can  be  computed  once  for  all  and  tabulated.  In  ordi- 
nary work  C  cos  a  is  practically  equal  to  C,  and  C  sin  a  is  often 
a  negligible  quantity. 

Three  different  devices  for  obtaining  the  value  of  R  cos'  a 
and  i2  J  sin  2a  for  different  vertical  angles  are  in  common  use, 
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nz.:  (1)  Reduction  tables,  (2)  stadia  diagrams,  and  (3)  special 
tonus  of  the  slide-rule. 

(a)  Reduction  tables.  In  some  tables  the  values  are  com- 
puted on  the  assmnption  that  the  actual  intercept  on  the  rod 
{R)  is  imity,  as,  for  example,  one  foot.  Then  any  inclined  dis- 
tance, as  Fm  in  Fig.  379,  p.  306,  may  be  reduced  by  multiply- 
ing that  distance  by  the  tabular  value  corresponding  to  the 
vertical  angle.  In  other  tables  the  values  are  based  on  the 
assumption  that  22 » 100,  and  hence  the  inclined  distance  is  di- 
vided by  100  (two  decimal  places  being  pointed  off),  before 
multiplying  by  the  tabular  value.  For  horizontal  distances  the 
constant  C  (nearly  equal  to  C  cos  a)  mt!lst  be  added  to  the  result, 
but  often  C  sin  a  may  be  neglected.  In  more  accurate  work 
C  cos  a  and  C  sin  o,  computed  for  several  of  the  most  com- 
mon values  of  C,  may  be  obtained  from  supplementary  tables, 
usually  given  at  the  bottom  of  the  main  table. 

Since  for  average  stadia  shots  of  100  ft.  or  over  the  measure- 
ment is  not  exact  beyond  the  figiure  in  the  third  place,  i.e.,  the 
figure  in  the  fourth  place  is  uncertain  (see  p.  370),  not  more  than 
four  places  of  figures  should  be  retained  in  any  result.  (See 
p.  371.)  Frequently  three  places  will  suffice.  Hence  an  or- 
dinary slide-rule  may  be  used  for  multiplying  tabular  values. 
The  next  best  method  is  that  of  abridged  multiplication  (p. 
365),  writing  the  extreme  right-hand  figure  of  the  reversed 
multiplier  imder  the  fourth  place  of  figures  in  the  tabular 
value  regardless  of  tha  position  of  the  decimal  point.  (See 
Art.  425  (g),  p.  371.) 

(b)  Jlltutration.  Given  a  stadia  reading '-234,  vertical  angle  ■"  10^  22^1 
and  an  instrumental  constant  — 1.25: 
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Notice  that  for  most  purposes  the  approximate  results  on  the  right  are 
accurate  enough,  that  is  to  say,  the  extreme  right-hand  figure  of  the  reversed 
multiplier  mav  be  written  under  the  third  place  of  the  multiplicand  instead 
of  imder  the  fourth. 
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(c)  Stadia  diagrams.  It  is  an  easy  matter  to  construct  a 
diagram  that  will  give  fairly  accurate  results  for  yertical  angles 
up  to,  say,  8°  or  10°,  but  when  the  diagram  is  extended  to 
cover  15°  or  20°,  either  the  scale  must  be  reduced  at  a  sacrifice 
in  accuracy,  or  the  diagram  made  inconveniently  large.  Never- 
theless such  diagrams  are  very  useful,  especially  when  two  men 
work  together,  one  with  the  note-book  and  the  other  with  the 
diagram.  Results  can  be  obtained  much  more  quickly  than  by 
the  use  of  tables,  and  for  most  purposes  they  will  be  sufficiently 
accurate. 

Usually  separate  diagrams  are  prepared,  one  for  horizontal 
distances  and  one  for  differences  in  elevation. 

(d)  Diagram  for  horizontal  distances.  The  simplest  form  may 
be  constructed  on  cross-section  paper,  on  which  there  are,  say, 
10  lines  to  the  inch  each  way.  (1)  Assume  the  origin  or  zero- 
point  in  one  corner  of  the  paper,  say  the  lower  left-hand  comer. 
(2)  Along  the  lower  edge,  number  every  tenth  (or  heavy)  ver- 
tical line,  the  numbers  running  100,  200,  etc.,  up  to  the  longest 
sight  taken  in  the  field,  say  1000  ft.  (3)  Along  the  right-hand 
edge  number  every  tenth  (or  heavy)  horizontal  line,  the  num- 
bers running  10,  20,  etc.,  thus  making  the  vertical  scale  ten 
times  as  large  as  the  horizontal.  (4)  Find  the  values  of 
1000  sin^  a  for  different  vertical  angles  1°,  2°,  etc.,  up  to  say 
15°  or  20°,  using  stadia  reduction  tables  or  computing  the 
values  by  trigonometry.  Lay  these  values  off  along  the  ordi- 
nate marked  1000,  using  the  vertical  scale,  and  draw  radial 
lines  from  the  origin  to  the  points  thus  obtained.  Mark  each 
radial  line  with  its  degree  number. 

(e)  Illustration.  Use  of  the  dictgram.  Given  a  stadia  reading  JR«410, 
vertical  angle  =  13**,  instrumental  constant  C=»1.2.  Find  the  vertical  line 
next  beyond  the  one  numbered  400,  follow  up  this  line  to  its  intersection 
with  the  radial  line  marked  IS**,  note  that  tiie  nearest  horizontal  line  ia 
numbered  21,  and  estimate  the  reading  as  20.7.  Hence  410— 20.7  »» 3893 
is  the  corrected  (horizontal)  distance,  and  adding  C=»1.2,  the  final  result** 
390.5  feet.. 

(/)  Suggestions.     (1)  The  scale  adopted  depends  upon  the  accuracy  re- 

Juired,  the  maximum  length  of  sight,  and  the  maximum  vertical  angle, 
f ,  for  example,  the  length  of  the  longest  sight  taken  in  the  field  is  less  than 
6CK)  ft.,  there  is  no  advantage  in  extending  the  diagram  to  1000, — it  is 
better  to  double  the  scale.  (2)  In  large  diagrams,  intended  for  accurate 
work,  intermediate  radial  lines  may  be  drawn  at  intervals  corresponding 
to  10  minutes  of  arc.  If  desired,  an  arithmetical  table  giving  values  o? 
C  cos  a  and  C  sin  o  for  several  values  of  C  at  5**  intervals  may  be  printed 
in  one  corner  of  the  sheet.  (3)  The  reason  that  the  vertical  ordinates  are 
plotted  for  values  of  R  sin^  a  instead  of  R  cos^  a  is  that  the  former  is  a 
small  quantity  which  changes  rapidly  for  small  angles,  while  the  latter  is 
a  large  quantity  which  changes  slowly.  Notice  that  a  quantity  taken  from 
such  a  diagram  must  be  subtracted  from  B,  and  C  added  to  get  the  final 
result.     (Why?) 
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(g)  Diagrams  for  obtaining  differences  in  elevation  may  be  con- 
structed in  a  similar  manner,  the  vertical  ordinates  represent- 
ing values  of  R  i  sin  2a.  The  two  diagrams  may  be  drawn  on 
the  same  sheet  without  conflicting,  by  laying  off  the  abscissas 
and  ordinates  in  the  second  diagram  along  the  two  edges  of  the 
paper  not  used  in  the  first. 

(h)  Remark.  A  number  of  modifications  of  the  dia^ams  just  described 
have  been  devised  with  a  view  of  saving  space  and  mereasiue  accuracy. 
In  one  of  these,  given  in  Professor  I.  O.  Baker's  Engineers  Surveying 
Ineirumenie,  p.  202,  the  values  are  laid  off  along  the  sides  of  triangles, 
equilateral  triangles  being  used  in  the  diagram  for  elevations.  A  combi- 
nation diagram  for  obtaining  horizontal  distances  and  elevations  is  given 
on  an  insert-sheet  of  the  Engineering  jV«ty«,  Feb.  3,  1898,  and  on  p.  85 
of  the  same  issue  is  another  diagram  small  enough  to  go  in  the  back  of 
an  ordinary  field  book. 

(i)  Stadia  slide-rules,*  such  as  those  designed  by  Mr.  Wil- 
liam Cox  and  by  Mr.  B.  H.  Colby,  may  be  used  in  place  of 
tables  or  diagrams.  Accurate  results  can  be  obtained  with 
great  rapidity  after  a  few  minutes'  practice  in  the  use  of  these 
slide-rules.  The  few  simple  directions  necessary  are  furnished 
with  the  slide-rules. 

515.  Getting  Together  Data  for  Plotting— Summary. 
The  first  five  or  six  steps  are  practically  the  same,  regardless  of 
the  method  of  plotting  that  will  be  used. 

1.  Make  a  rough  sketch  showing  approximately  the  relative 
portions  of  stations. 

2.  Mark  on  the  sketch  the  lengths  and  angles  given  in  the 
field  notes  for  the  main  lines.  If  the  stadia  was  used  reduce 
the  inclined  readings  and  put  the  horizontal  distances  on  the 
sketch. 

3.  If  necessary  correct  the  measurements  for  errors  from 
different  sources  (p.  478). 

4.  If  desirable,  adjust  the  values  to  conform  to  known  con- 
ditions, as  explained  on  p.  478.  If  the  stadia  was  used  reduce 
inclined  readings  (p.  480). 

5.  Mark  the  final  values  of  angles  and  distances  in  red  ink  on 
the  sketch. 

6.  If  bearings  are  to  be  used  either  in  the  calculations  or  for 
plotting,  start  with  the  bearing  of  one  line  and  calculate  the 
bearings  of  the  others  (p.  479).  (If  the  survey  was  made  with 
the  compass,  this,  of  course,  is  not  done.)  Use  the  final  adjusted 
values  of  angles  in  calculating  bearings.  Enter  the  calculated 
bearings  on  the  sketch,  making  sure  they  are  all  forward  bear- 
ings. 

The  remaining  steps  will  differ  somewhat  according  to  the 
method  used  in  plotting. 
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(a)  Protractor  method.  No  additional  data  are  required.  Work 
directly  from  the  sketch.  Angles,  bearings,  or  azimuths  may 
be  plotted. 

(6)  Tangent  method,  (1)  It  is  well  to  indicate  on  the  sketch 
the  actual  angles  or  bearings  to  be  plotted,  as  many  of  them 
may  be  the  complements  or  the  supplements  of  those  previously 
marked  on  the  sketch.  (2)  Prepare  a  table  similar  to  that  on 
p.  465,  or  if  bearings  are  to  be  plotted,  similar  to  that  on  p.  469. 

(c)  Chord  method,  (1)  As  in  the  tangent  method,  indicate 
on  the  sketch  the  actual  angles  or  bearings  to  be  plotted.  (2) 
Prepare  a  table  similar  to  that  on  p.  465,  or  if  bearings  are 
plotted,  similar  to  that  on  p.  470. 

(d)  Latitude  and  departure  method.  (1)  Ck)mpute  the  latitudes 
and  departures,  using,  of  course,  final  corrected  values  of  lengths 
and  bearings.  (See  pp.  393  and  394  for  forms.)  (2)  If  de- 
sired, adjust  the  values  thus  obtained,  i.e.,  balance  the  survey 
(p.  395).  (3)  Tabulate  for  plotting  (p.  474),  and  find  the  size 
of  the  circumscribed  rectangle.  (A  complete  illustration  of 
working  up  notes  for  plotting  by  this  method  is  given  on  pp. 
390  to  394.) 

(e)  Azimuths,  If  azimuths  are  given  they  may  be  plotted  by 
chords  or  tangents,  tables  similar  to  those  on  pp.  469  and  470 
being  prepared,  or  latitudes  and  departures  may  be  calculated 
without  reducing  azimuths  to  bearings  (see  p.  387), 
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QfiNBRAL  Msi^ODS  AND  SUGQBSTIONB 

In  plotting  tlie  map.  something  more  is  needed  than  a  mere  knowledge 
of  tiMB  ute  of  drawing  mstniments  and  of  the  different  methods  of  plotting 
traverses.  Practical  questions  arise,  such  as  the  choice  of  scale,  the  gen- 
eral )&rrangeknent  of  the  map,  the  order  of  plotting,  the  precautions  neces- 
sary to  i&BiUne  actfturacy^  the  methods  of  checking  the  drawitig,  of  plotting 
details,  of  interpolating  contours,  and  of  copying  maps.  These  questions 
are  discussed  in  this  chapter. 


516.  Equipment,  (a)  Paper.  (1)  l!  maps  ai*e  to  be  pfe- 
served  a  long  time  or  are  likely  to  receive  rough  ufiage,  the 
durability  of  the  paper  is  an  important  quality,  while  if  dis- 
tances are  to  be  scaled  with  accuracy,  the  papet  should  con- 
tract and  expand  as  little  as  possible  under  atmospheric  changes. 
These  two  qualities  are  best  combined  in  mounted  paper  or 
paper  backed  with  muslin.  For  penciling,  pfepatatory  to 
tracing,  almost  any  white  paper  will  answer,  provided  fine  lines 
can  be  drawn  and  its  surface  will  stand  erasing.  A  toiigh  bond- 
paper  is  best  for  maps  which  will  be  folded  (creased)  And  cat- 
ried  in  the  pocket.  For  maps  which  are  to  be  tinted,  mounted 
paper  is  recommended;  if  an  unmounted  paper  is  Used  it  should 
be  of  high  grade,  with  a  surface  adapted  to  either  lines  or 
wash — a  pebbled  or  egg-shell  surface  is  often  preferred.  For 
photo-reproduction  Bristol  board  or  a  hard  white  paper  with  a 
smooth  glossy  surface  is  the  best,  although  excellent  reproduc- 
tions can  be  made  from  tracings.  Tracing-cloth  should  be  of 
the  best  quality,  otherwise  ink  is  liable  to  strike  through; 
tracing-paper  may  be  used  when  only  a  few  prints  ate  heeded 
and  it  is  not  necessary  to  preserve  the  tracing  for  a  long  period 
of  time.  For  blue-prints  thin  tough  paper  will  usually  stand 
rough  handling  better  than  the  Smooth  thick  paper,  but  prints 
are  likely  to  be  somewhat  inferior.    The  more  sensitive  a  paper 
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is,  the  quicker  it  deteriorates,  and  the  more  dare  is  required  in 
handling  it  in  a  strong  light.  "Medium"  printing-paper  is 
recommended  for  most  purposes;  in  ordering  paper,  be  careful 
to  state  whether  quick-printing,  medium,  or  slow-printing  paper 
is  desired.     (See  p.  453.) 

(b)  Drawing  instruments.  The  edges  of  the  straight-edge,  the 
T-square,  and  the  triangles  should  be  straight.  This  is  more 
essential  in  map-drawing  than  in  almost  any  other  kind  of 
drafting.  (See  p.  438  for  test.)  The  angles  of  a  triangle 
should  be  true,  especially  the  right  angle.  (See  p.  439  for  test.) 
Straight-edges,  T-squares,  and  triangles  made  of  steel  are  usually 
the  most  accurate.  The  pencil  should  be  hard  (6-H)  and 
properly  sharpened.  (See  p.  438.)  The  ruling-pen  should  be 
of  the  very  best  quality,  and  the  points  should  be  kept  in  good 
condition.  (See  p.  44 1 . )  The  scale  should  be  a  decimal  scale  and 
its  graduations  should  be  accurate  and  definite.  The  surface  of 
the  drawing-board  or  table  should  be  a  smooth  plane.  These 
are  the  most  essential  requirements  for  instruments  used  in 
mapping. 

517.  Precautions  Necessary  in  Accurate  Plotting.  As 
the  edges  of  a  drawing-board  are  seldom  exactly  straight,  lines 
drawn  along  the  T-square  blade,  as  it  is  moved  up  and  down 
the  board,  are  seldom  exactly  parallel.  A  steel  straight-edge 
fastened  to  the  left-hand  edge  of  the  board  remedies  this  to 
some  extent,  but  even  then  there  is  apt  to  be  some  play  in  the 
blade  of  the  T-square,  and  hence,  in  very  accurate  work,  it  is 
better  not  to  rely  upon  this  method.  As  comparatively  few 
lines  in  maps  are  vertical  or  horizontal,  the  T-square  is  not  as 
necessary  in  plotting  as  it  is  in  other  kinds  of  drawing;  a  steel 
straight-edge  about  three  feet  long  may  be  used  in  its  place. 
All  important  reference  lines,  such  as  traverse  lines,  can  then  be 
plotted  entirely  by  measurement  without  depending  upon  par- 
allel lines  drawn  with  the  T-square  or  upon  perpendiculars 
erected  with  the  triangles.  (See  the  method  given  in  Caution, 
p.  473.)  Such  precautions,  however,  are  not  necessary  in  much 
of  the  plotting  done  in  ordinary  work. 

The  shrinkage  of  the  drawing-paper  may  be  another  source  of 
error.  If  the  map  is  4  or  5  feet  wide  the  change  in  the 
paper  is  frequently  as  much  as  }  inch,  and  sometimes  §  inch. 
The  more  seasoned  the  paper  the  less  it  will  shrink,  hence  it  is 
well  to  k^p  paper  in  the  office  several  months   before  usin^  it. 
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In  plotting  ti6W  details  on  old  maps  test  the  map  first  to  see  if 
shrinkage  has  occurred,  and  if  it  has  make  proper  allowance 
for  it  in  plotting.  On  the  other  hand,  in  maps  which  have  been 
rolled  up,  test  for  expansion,  as  rolling  tends  to  stretch  the 
paper — a,  good  reason  for  filing  maps  flat  when  possible. 

518.  General  Methods.  A  large  part  of  the  work  in  map- 
ping is  the  reverse  of  field  work;  distances  that  were  measured 
with  a  tape  or  chain  are  laid  off  with  a  scale,  and  angles  that 
were  measured  with  a  transit  oi*  compass  are  laid  off  with  a 
protractor.  Such  work  involves  no  calculation.  When,  how- 
ever, the  plotting  is  done  by  indirect  measurements,  that  is  by 
measurements  which  are  not  the  same  as  those  taken  in  the 
field,  these  indirect  measurements  must  be  obtained  from  the 
field  measurements  by  calculation,  as,  for  example,  when  angles 
are  plotted  by  latitudes  and  departures  or  by  any  of  the  trigono- 
metric methods. 

A  common  method  in  field  work  is  to  run  traverses  and 
locate  details  simultaneously  (p.  132),  but  in  mapping,  the 
traverse  lines  are  almost  always  plotted  first,  before  work  is 
begun  on  the  details.  The  plotting  is  done  in  pencil,  usually 
on  paper,  but  sometimes  directly  on  tracing-cloth,  and  after  the 
penciUng  is  completed,  the  lines  are  inked.  If  only  a  single 
copy  of  the  map  is  desired,  the  pencil  Unes  are  inked  directly 
on  the  paper,  but  if  more  than  one  copy  is  required  the  Unes 
are  usually  traced  and  process  prints  made  from  the  tracing. 

519.  Method  of  Procedure  Outlined.  (1)  Choose  a  suit- 
able scale  for  the  map  (p.  489),  decide  upon  the  method  of 
plotting  traverse  Unes  (see  p.  492),  and  work  up  the  field  notes, 
making  sketches  and  arranging  data  so  that  no  delay  in  plot- 
ting wiU  be  caused  by  searching  through  field  books  (Chapter 
XL).  (2)  Select  a  suitable  drawing-paper  (p.  485)  and  stretch 
it  on  the  drawing-board  imtil  it  Ues  smooth  and  flat  (p.  445). 
(3)  Sharpen  a  6-H  pencil  to  a  round  point  at  one  end  and  a 
wedge-shaped  point  at  the  other  (p.  438).  (4)  Wipe  the  tri- 
angles and  T-square  clean,  and  brush  the  surface  of  the  paper. 
Throughout  the  work,  take  precautions  to  insure  neatness  (p. 
445).  (5)  FoUow  the  directions  for  starting  the  map  given  on 
page  490.  (6)  Plot  the  traverse  Unes  in  pencil  (Chapter 
XXXIX),  marking  each  station  with  its  letter  or  niunber.  Use 
hair  lines  and  prick  the  points.  Observe  correct  methods  of 
penciUng  (p.  446)  and  of   laying  off  measurements  (p.  448). 
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Apply  checks  continually  as  the  work  progressee  (p.  494). 
(7)  Plot  details  in  pencil  (p.  496).  (8)  Ink  the  map  or  trace 
it.  Observe  the  directions  on  pages  440  and  446  for  inking  and 
those  on  page  451  for  tracing.  (9)  Finish  the  map  (Chapt^ 
XLI),  making  sure  that  it  meets  the  requirements  given  in 
Art.  532,  p.  502.  (10)  If  blue-prints  or  brown  solar  prints  are 
desired;  follow  the  directions  given  on  pages  453  and  454. 

520.  Scales,  (a)  The  most  common  scales  for  ordinary  maps 
are  those  in  which  the  number  of  feet  represented  by  one  inch 
is  some  multiple  of  ten.     In  general  these  scales  are  as  follows: 

Nature  of  the  Map  Number  of  Feet  per  Inch 

Small  territory— many  details  10  20  30  40  50  60  80  100 
Large  territory— few  details      100  200        400  500      800  1000 

The  numbers  in  black-face  type  are  probably  the  scales  most 
frequently  used.  Notice  that  70  and  90  are  the  only  two  mul- 
tiples of  ten  below  100  that  are  not  included.  The  first  six 
(from  10  to  60  inclusive)  are  the  scales  usually  found  on  the 
six  sides  of  a  triangular  scale;  the  scales  of  80  and  100  can  be 
obtained  by  using  the  40  and  50  sides  respectively,  but  70  and 
90  iiave  no  such  corresponding  sides. 

(6)  The  so-called  natural  scale  is  one  in  which  a  given  dis- 
tance on  the  map  is  some  round  fraction  of  the  distance  it 
represents,  such  as  i^j^xn^*  rifiiruf  ®^c.  Such  scales  are  used  for 
maps  of  large  territories,  e.g. ,  those  of  the  United  States  Coast  Mid 
Geodetic  Survey  and  of  the  United  States  Geological  Survey.* 
The  maps  of  the  former  are  usually  plotted  to  a  scale  of  xt^fi7j 
while  those  of  the  latter  are  mostly  plotted  to  a  scale  of  30^^^ 
and  then  reduced  in  lithographing  to  s^hra  ^^  laAoff  (about  1 
inch  and  2  inches  to  the  mile  respectively). 

(c)  Scale  Equivalents  for  Various  Ratios  t 


Feet 

Miles 

Meters 

Kilometers 

Ratio 

to  One  Inch 

to  One  Inch 

to  One  Inch 

to  One  Inch 

(Number  Ins.) 

100 

0.019 

30.480 

0.030 

1:       1200 

400 

0.076 

121.920 

0.122 

1:      4800 

500 

0.095 

152.400 

0.153 

1:       6000 

800 

0.151 

243.840 

0.244 

1:      9600 

833i 

0.157 

254.000 

0.254 

1:    10000 

1000 

0.189 

304.801 

0.305 

1:     12000 

5280 

1.000 

1609.2 

1.609 

1:    63360 

10560 

2.000 

3218.4 

3.218 

1  :  126720 

*  See  Gillespie,  Vol.  I,  p.  27,  for  scales  used  for  surveys  in  different  coun- 
tries. 

t  See  Wilson's  Topographic  Surveying,  p.  447,  for  a  more  complete  table. 
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521.  The  Choice  of  Scale.  Primary  oonsideratiQns  in 
chooBing  the  scale  are:  (1)  the  use  to  which  the  map  will  be 
put,  and  (2)  the  extent  of  territory  to  be  represented.  Thus, 
for  example,  if  distances  are  to  be  scaled  on  the  map  to  the 
nearest  foot,  the  scale  should  be  at  least  as  large  as  1  in.  «=  100 
ft.,  and,  if  possible,  as  large  as  1  in.  =  40  ft.  For  a  small  map 
with  many  details,  such  as  that  of  a  city  lot  and  buildings,  a 
scale  as  large  as  1  in.  =  20  ft.,  or  even  1  in.  =  10  ft.,  is  preferable. 
For  large  maps  with  few  details,  such,  for  example,  as  the  aver- 
age topographic  map,  scales  from  1  in.  ^  100  ft.  to  1  in.  =»  1000 
ft.  may  be  used.  In  the  excellent  survey  of  Baltimore,  Md., 
the  scales  adopted  were  1  in.  =  200  ft.  for  plotting  topographic 
maps,  and  1  in.  =  40  ft.  for  property  maps.  Preliminary  surveys 
for  railroads  are  usually  plotted  to  a  scale  of  from  100  to  500  ft. 
per  inch,  while  maps  of  mines  and  mining  claims  are  more  often 
to  a  scale  of  100  or  200  ft.  to  the  inch;  of  course  maps  of  rail- 
roads and  mines  made  for  special  purposes  are  often  drawn  to 
larger  scale.  Architects  usually  prefer  a  scale  of  1  in. =64  ft., 
or  1  in.»32  ft.,  or  1  in.  =  16  ft.,  or,  occasionally,  1  in. =4  ft.,  to 
correspond  to  the  scale  which  they  use  for  the  plans  of 
buildings. 

The  scales  of  1  in.=20  ft.,  1  in.=40  ft.,  and  1  in.  =  80  ft.,  all 
have  the  common  advantage  that  distances  may  be  scaled  ap- 
proximately with  a  carpenter's  rule  or  an  architect's  scale,  since 
}  inch  equals  5,  10,  and  20  ft.  respectively.  Similarly  in  the 
scales  200,  400,  and  800  ft.  per  inch,  i  in.  eq\ials  50,  100,  and 
200  ft.  respectively. 

Frequently  the  choice  is  restricted  to  some  scale  small  enough 
so  that  the  whole  map  will  fall  within  a  rectangle  of  given  size. 
The  dimensions  of  this  rectangle  are  sometimes  determined  by 
the  size  of  the  blue-print  frame,  or  by  the  size  of  the  drawer  in 
which  the  map  will  be  filed,  or  by  the  size  of  sheet  most  con- 
venient for  handling,  or  by  the  standard  size  adopted  for  simi- 
lar maps.  The  arrangement  of  the  map  must  be  taken  into 
account,  for  if  it  is  desired  to  have  the  north  at  the  top  and 
the  border  lines  square  with  the  compass  points,  it  may  be 
necessary  to  adopt  a  smaller  scale  than  would  otherwise  be 
used  (see  next  article).  When  it  is  desirable  to  choose  as  large 
a  scale  as  a  given  rectangle  will  permit,  it  is  often  expedient  to 
plot  the  traverse  lines  roughly  to  any  scale  in  order  to  deter- 
mine the  shape  and  extent  of  the  survey. 
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(a)  Two  OENEBAL  RULES.  I.  Choose  a  scale  large  enough  bo 
that  in  plotting  or  in  scaling  distances  from  the  finished  map  U 
vrill  not  he  necessary  to  read  the  scale  closer  than  yj^  inch.  (Allow- 
ance should  be  made  for  expansion  and  contraction  due  to 
atmospheric  changes.) 

II.  Choose  OS  small  a  scale  as  is  consistent  with  a  clear  delineor 
tion  of  the  smMlest  details  to  be  plotted^  due  regard  being  paid  to 
Rule  I.  In  topographic  maps,  especially,  it  is  an  advantage  to 
adopt  as  small  a  scale  as  practicable,  for  not  only  is  a  larger 
area  shown  on  each  sheet,  but  by  bringing  contour  lines  closer 
together  a  more  vivid  impression  is  given  of  the  real  nature  of 
the  surface  depicted. 

It  is  frequently  necessary  to  draw  maps  of  the  same  territory 
to  different  scales,  first  one  map  to  small  scale  showing  the 
region  as  a  whole,  then  other  maps  to  a  much  larger  scale,  each 
sheet  corresponding  to  a  portion  of  the  original  small-scale  map. 

522.  Arrangement.  It  is  desirable  to  arrange  a  map  with 
the  north  at  the  top,  making  the  top  and  bottom  border-lines 
true  east-and-west  lines,  and  the  side  border-lines  true  nortb- 
and-south  lines.  Such  an  arrangement,  however,  is  seldom 
economical,  the  border-lines  forming  a  larger  rectangle  than  is 
necessary,  hence  some  other  arrangement  is  followed  when  it 
is  more  desirable  to  confine  the  map  to  a  small  space  than  it  is 
to  have  the  border-lines  square  with  the  compass  points.  More- 
over it  often  is  best  to  have  the  natural  approach  to  a  piece  of 
property  at  the  bottom  of  a  map,  even  though  this  brings  the 
south  at  the  top.  For  example,  in  the  case  of  a  house  and  lot, 
it  is  natural  to  look  for  the  street  side  and  the  approach  to  the 
house  at  the  bottom  of  the  map,  even  though  this  may  bring 
the  south  end  of  the  lot  at  the  top. 

There  are  many  questions  of  arrangement,  such  as  where  to 
put  the  title,  the  nieridian-needle,  and  the  explanatory  notes, 
which  do  not  have  to  be  settled  imtil  the  map  is  plotted  and 
ready  to  finish.     (See  Chapter  XLII.) 

523.  How  to  Begin  a  Map.  Usually  the  first  step  is  to  plot 
the  traverse  to  a  small  scale,  using  the  protractor  for  laying  off 
angles;  if  latitudes  and  departures  have  been  calculated,  it  is 
quicker  to  plot  by  coordinates  laid  off  on  cross-section  paper. 
This  preliminary  sketch  is  drawn  roughly  and  quickly  merely 
to  give  an  idea  of  the  general  shape  of  the  plot  and  the  space 
t^hat  it  will  occupy, 


PLOTTING  THE  MAP  491 

(a)  Which  line  to  begin  with.  Unless  the  traverse  is  to  be 
plotted  by  codrdinates,  the  position  and  direction  of  some 
traverse  line  must  be  assumed  to  start  with,  and  its  length  laid 
off  to  scale.  In  a  closed  figure  it  is  well  to  begin  at  the  first 
station  and  work  half-way  aroimd  the  polygon  in  either  direc- 
tion to  lessen  cumulative  errors.  For  the  same  reason,  in  a 
traverse  that  does  not  close  it  is  well  to  begin  near  the  middle 
and  plot  toward  either  end. 

(6)  How  to  assume  the  -first  line,  A  starting-point  and  a 
direction  for  the  first  line  should  be  assumed  in  such  a  way  that 
when  the  other  lines  are  plotted  they  will  not  run  off  the  paper. 
In  this  the  preliminary  plot  referred  to  above  is  of  the  greatest 
assistance.  If  a  meridian  is  to  be  used  in  plotting,  it  is  con- 
venient to  make  it  a  vertical  line;  in  that  case  the  direction  of 
the  first  line  cannot  be  assimied,  but  must  be  found  by  laying 
off  its  bearing  or  its  azimuth.  It  is  by  no  means  essential,  how- 
ever, that  the  meridian  should  be  a  vertical  line;  on  the  con- 
trary, there  are  many  cases  in  which  if  it  were  assumed  vertical 
the  map  would  not  fall  within  the  limits  of  the  paper.  It  is 
then  necessary  to  assume  the  first  line  in  the  proper  position 
as  judged  by  a  preliminary  sketch,  and  to  lay  off  its  bearing  or 
azimuth  backward  to  establish  the  direction  of  the  meridian. 
This  will  bring  the  east-and-west  line  oblique  to  the  T-square 
blade,  but  if  the  head  of  the  T-square  is  adjustable  the  blade 
can  usually  be  made  to  coincide  either  with  the  east-and-west 
line  or  with  the  north-and-south  line. 

For  the  reasons  just  given,  it  is  often  expedient  to  lay  off  the 

reference  rectangle,  used  in  plotting  by  coordinates,  so  that  no 

side  is  vertical  or  horizontal.     The  inclination  required  in  order 

that  the  lines  may  not  run  off  the  paper  is  estimated  by  means 

of  the  preliminary  plot  referred  to  above.     In  this  case  it  is 

often  inexpedient  to  draw  the  entire  reference  rectangle.     (See 

p.  .475)    Notice  that  the  size  of  the  reference  rectangle  is  known 

from  the  computations  (p.  473),  and  that  if  this  rectangle  can 

be  drawn  to  the  desired  scale  without  running  off  the  paper 

there  is  no  need  of  making  the  preliminary  plot. 

(c)  Remark.  No  matter  how  the  map  may  be  arranged  with  respect  to 
the  edges  of  the  paper,  after  the  plotting  is  finished  border-lines  may  be 
drawn  in  any  desired  direction  and  the  sheet  trimmed  accordingly.  (See 
p.  60i.) 

524.  Plotting  the  Triangulation  Net.  In  extensive  sur- 
veys where  primary  stations  have  been  established  by  triangu- 
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latipo,  the  Q^^  sjtep  in  plotting  ift  ^  Is^y  out  the  txi«Rgular^D 
net.  The  leng^hiP;  of  th^  sides  ol  th»e  tria^glea  hawg  bieea  «Q«b 
pute<J.  the  lines  m^^  W  piUxtt^d  by  ft^y  of  the  methpcte  ol  pJot^ 
ting  traverse^,  U^s^  the  metbM>4  of^  copj^diinates  ifk  \)fli^  H  ia^ 
well  to  plot  first  those  station  lying  o«  ^^  put^cie,  i^,  in,  tb^ 
perimeter  o|  th^  survey.  Sometinv^  %\x^  i,nim&il^jiifm  n^  nft^y 
be  plotted  witl^  a\ifiipient  aocuraoy  by  aUnpty  ^winging  iettw^ 
secting  arcs  with  radii  corresponding  to  the  lengths  of  the  sid.e9t 
of  the  triangles,  estabUshing  each  triangle  in  turn  by  thiaiue1|W>d. 
Occasionally  a  station  may  have  to  be  plotted  by  the*  three*-- 
point  method  (p.  462). 

Sa5.  Plotting  Trav^aea.   (A  summary  of  Chapter  XXXIX.> 

1.  For  every  m^ethod  of  nmning  traveise.  lines  in  the  Seibi 
there,  is  a  corresponding  method  of  plotting.  In  addition  these 
i^  the  method  of  latitudes  and  departures. 

2.  Xn  accurate  work  the  ordinary  protraotor  should  not  be 
used  for  plotting  traverses.  Use  it  for  checking  angles.  Even 
venuer  protractors  will  not  give  as  accurate  Fesults  aa  caqi  be 
obtained  by  other  methods. 

3.  The  tangent  method,  the  cosine  and  sine  method,  and  the 
chord  method  are  used  for  laying  off  direct  angles,  deflection 
angles,  bearings,  and  azimuths.  Latitudes  and  departures  are 
used  for  aocompUshing  the  same  results  indirectly. 

4.  Transit  lines  must  be  plotted  with  more  than  ordinary 
care,  since  vq)on  them  the  acoiu'acy  of  the  whole  m£^  depends. 
Use  hair  lines  and  prick  points. 

5.  Before  beginning  to  plot,  get  together  all  data  that  will  be 
needed,  including  the  tangents  or  chords  of  all  angles  to  be 
plotted  if  correq)onding  methods  are  employed  (see  p.  484)^ 
or  the  two.  columns  of  coordinates  if  latitudes  and  departuses 
are  used 

(a)  FIVS  MBTHODB  OF  PLOTllNa  TRANSIT  LINES 

(1)  Each  line  plotted  from  the  preceding  line.,  (See  p.  464.  > 
The  tangent  method,  the  cosine  and  sine  methods.  Of  the  chords 
method  is  used  for  laying  off  the  angle  (pr  its  Qomplement  or 
supplement).  A  base  of  10"  or  a  radius  of  10"  is  convenient 
to  use.  Check.  Test  the  bearing  of  the  last  line,  and  if,  thf^re 
are  many  lines  apply  a  similar  qhegk  at  every  fouFthi  o^  fifth 
station. 
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(2)  Each  line  platted  by  a  deflection  angle,  (See  p.  466.)  A 
modification  of  the  preceding  method.  Used  in  railway  work 
and  other  similar  surveys.     Checks  same  as  in  (2). 

(3)  Each  line  plotted  from  it*  hearing.  (See  p.  467.)  (1)  Draw 
a  20"  square,  subdivide  into  four  10"  squares  to  correspond  to 
the  four  quadrants  of  bearing,  plot  each  bearing  in  its  proper 
square  by  measuring  ten  times  the  tangent  along  the  side  of  the 
square.  A  better  method  still  is  to  make  one  10"  square  answer 
for  all  four  quadrants.  (2)  Draw  a  circle  20"  in  diameter, 
divide  into  quadrants  of  bearing,  and  plot  each  bearing  in  its 
]«oper  quadrant  by  its  chord.  Four  90°  arcs,  the  four  centers 
of  which  are  comers  of  a  10"  square,  may  be  used  in  place  of  a 
20"  circle,  but  no  advantage  is  gained  except  in  economy  of 
space.  Cheek.  Test  the  angle  between  traverse  lines  at  each 
station.  There  is  no  single  check  which  checks  all  previous 
courses. 

A  modification  of  this  method  is  to  draw  parallel  meridians 
through  the  statitms,  and  to  lay  off  bearings  from  these  meri« 
dians.  Another  method  is  to  draw  a  series  of  10"  squares.  (See 
p.  471.) 

(4)  Eqck  line  plotted  from  its  azimtUh.  (See  p.  471.)  Practi- 
caUy  the  same  methods  can  bemused  as  those  given  for  bearings. 

(5)  Transit  lines  plotted  from  the  latitudes  and  departures. 
(See  p.  471.)  The  most  westerly  station  is  chosen  as  an  origin, 
and  each  station  is  plotted  by  its  two  coordinate  distances 
(1)  north  or  south,  (2)  east  from  the  origin.  The  coordinates 
are  computed  by  adding  algebraically  first  the  latitudes,  then 
the  d^^artures,  starting  with  0  and  0  as  the  coordinates  of  the 
most  westerly  station^  and  finding  the  coordinates  of  each  suc- 
cessive station  in  order.  As  a  convenient  method  of  meas- 
uring the  coordinates  a  rectan^e  is  drawn,  the  sides  of  the 
rectangle  pajssing  through  the  extreme  east  and  west,  north  and 
south  stationa  If  preferred^  two  coordinate  axes  through  the 
most  westerly  station  may  be  used  instead  of  the  rectangle. 
For  very  aceurate  work  do  not  rely  upon  the  T-square  and  tri- 
an^esy  but  observe  the  caution  on  p.  473.  Check,  Measure  the 
length  of  each  traverse  line,  and  in  addition  test  the  angle  be- 
tween, two  lines  if  one  line  is  nearly  parallel  to  a  coordinate  axis. 

(6)  Methods  of  plotting  traverses  are  compared  on  page  475. 
The  m^iliod  of  latitudes  and  departures  is  the  best  for  general 
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520.  Checks  Used  in  Plotting.  Precautions  and  checks  are 
used  constantly  in  field  work;  similar  precautions  and  checks 
should  be  used  in  plotting.  A  draftsman  can  accomplish  more 
in  the  long  run  if  he  will  check  his  work  as  he  goes  along.  No 
reliance  can  be  placed  upon  a  map  which  has  not  been  checked. 

Some  of  the  methods  given  in  this  article  are  only  approxi- 
mate checks  intended  to  disclose  blimders  in  plotting,  but 
blunders,  perhaps,  are  more  common  than  small  errors. 

(a)  Checks  for  linear  measurements.  (1)  Any  straight  line 
may  be  divided  into  two  or  more  segments,  each  segment  scaled 
separately,  and  the  sum  of  the  results  compared  with  the  length 
of  the  line  given  in  the  field  notes.  (2)  Several  lines  may  be 
scaled,  the  results  recorded  on  paper,  and  then  compared  with 
the  corresponding  distances  in  the  field  notes.  This  is  better 
than  to  look  up  a  distance  in  the  field  notes  and  then  scale  the 
corresponding  line,  for  in  the  latter  method  the  mind  is  preju- 
diced, and  any  mistake  made  originally  in  laying  off  a  distance 
may  be  repeated.  (3)  To  check  lines  of  a  traverse,  lay  a  paper 
straight-edge  on  the  drawing,  mark  off  the  lengths  of  the  lines 
consecutively  along  the  edge  of  the  paper,  each  line  beginning 
at  the  end  of  the  preceding  line,  and  scale  the  total  distance  to 
see  if  it  equals  the  sum  of  the  lengths  of  all  the  traverse  lines. 
This  method  is  particularly  useful  when  the  plus-station  system 
of  numbering  (p.  147)  is  employed,  since  the  station  number  of 
each  mark  as  read  from  the  scale  may  be  compared  with  that 
given  in  the  notes.  (4)  When  two  points  are  plotted  by  in- 
direct measurements,  always  scale  the  distance  between  them 
as  a  check.  Thus,  for  example,  when  two  sides  of  a  triangle 
have  been  laid  off,  scale  the  third  side  to  see  if  it  agrees  with 
the  length  given  in  the  field  notes.  This  method,  which  is 
often  a  check  on  angles  as  well  as  distances,  is  especially  useful 
in  checking  lines  plotted  by  latitudes  and  departures. 

(6)  Checks  for  angles,  (1)  To  check  an  angle  which  has  been 
laid  off  with  a  protractor,  measure  its  complement  or  some  other 
related  angle  which  requires  a  shifting  of  the  protractor,  instead 
of  checking  the  angle  itself.  (2)  Two  or  more  adjacent  angles 
may  be  tested  by  measuring  the  sum-angle.  (3)  Never  plot  an 
angle  by  the  chord  method  or  the  tangent  method  without 
checking  it  roughly  with  a  protractor.  (4)  In  plotting  traverse 
lines,  always  compute  the  azimuths  or  the  bearings  of  all  of  the 
lines.     If  the  Unes  are  plotted  by  azimuths  or  bearings,  check 
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the  angle  between  the  traverse  lines  at  each  station,  and  vice 
versa  if  the  traverse-Une  angles  have  been  plotted  check  the 
azimuths  or  bearings,  as  more  fully  explained  in  the  preceding 
chapter.  The  aim  should  be  to  check  one  angle  by  measuring 
an  entirely  different  angle  to  avoid  repeating  mistakes. 

If  the  traverse  lines  form  a  closed  figure,  the  check  angles  may 
be  measured  with  the  protractor,  otherwise  measure  them  by 
some  method  as  accurate  as  that  used  for  plotting  the  original 
angles. 

Question.  What  check  often  employed  in  the  field  corresponds  to  the 
check  used  for  traverses  plotted  by  direct  or  deflection  angles? 

(c)  Conibination  checks.  (1)  Check  a  reference  rectangle  by 
measuring  the  opposite  sides  and  also  the  diagonals  to  see  if 
they  are  equal.  (2)  If  a  traverse  closes,  not  only  should  the 
closing  line  pass  through  the  first  station  but  the  distance  from 
the  last  station  to  the  first  should  agree  with  the  distance  meas- 
ured in  the  field.  (3)  When  an  extra  distance  or  angle  has  been 
measured  in  the  field  as  a  check,  this  distance  or  angle  should  be 
tested  on  the  map. 

(d)  To  "  run  dovm  "  an  error.  If  traverse  lines  forming  a  poly- 
gon do  not  close  when  plotted,  the  error  may  often  be  "run 
down"  without  going  over  all  of  the  work  again,  by  making  the 
following  tests.  (1)  If  the  error  of  closure  is  in  a  direction  'par- 
aUel  to  some  line  in  the  traverse,  test  the  length  of  that  Une; 
if  it  is  perpendicular  to  the  line,  test  the  bearing.  (2)  If  a 
traverse  has  been  plotted  by  direct  angles  or  by  deflection  angles, 
calculate  the  bearing  of  the  last  Hne  and  see  if  the  angle  between 
this  line  and  the  meridian  agrees  with  the  calculated  value;  if 
it  does  the  directions  of  all  the  lines  are  probably  correct.  In 
that  case  test  the  lengths  as  directed  on  page  494.  (3)  If  by 
the  test  in  (2)  an  error  in  the  direction  of  the  last  line  is  found, 
apply  the  same  test  to  some  preceding  line,  say  three  or  four 
stations  back.  Continue  to  make  the  test  until  a  line  is  found 
whose  direction  is  correct  and  then  work  forward  applying  the 
test  at  each  station.  (4)  When  lines  have  been  plotted  by  bear- 
ings or  azimuths  no  single  test  can  be  made;  it  is  well  to  begin 
at  the  last  station  and  to  work  backward,  testing  the  direct 
angle  or  the  deflection  angle  at  each  station.  (6)  If  a  point  is 
obviously  wrong  and  the  mistake  is  not  easily  found,  try  to 
arrive  at  the  same  point  from  some  other  direction.  (6)  Keep 
in  min4  the  effect  of  slight  phanges  in  the  bearings  of  long  lines^ 
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and  of  lines  nearly  north  and  south  or  east  and  west.  (See  (3) 
and  (4),  p.  397.) 

527.  Plotting  Details.  In  Chapter  XIII  are  given  different 
methods  of  locating  details  in  the  field  corresponding  to  the 
seven  methods  of  locating  a  point  given  on  page  4.  The  work 
of  plotting  details  is  simply  the  reverse  of  that  done  in  the 
field,  enough  points  being  established  to  determine  the  outlines 
of  the  details. 

(a)  Points  located  by  angles  and  distances.  Usually  the  dis- 
tances from  the  station  to  the  points  located  are  comparatively 
short,  frequently  less  than  100  ft.  Moreover,  if  a  sHght  error 
is  made  in  plotting  a  point,  it  does  not  affect  the  entire  survey 
as  does  an  error  in  plotting  a  station.  Hence  in  plotting  details 
the  protractor  is  generally  used  for  laying  off  angles.  One  of 
the  most  convenient  forms  is  shown  on  page  453.  Usually 
there  are  a  number  of  points  located  from  the  same  station, 
and  as  fast  as  they  are  plotted  they  should  be  numbered  in  such 
a  way  that  there  will  be  no  difficulty  or  confusion  in  drawing 
the  outlines.  Frequently,  only  two  or  three  points  of  a  build- 
ing or  other  rectangular  object  are  given,  the  perpendicular 
sides  being  completed  with  the  triangle  and  scale. 

(&)  Points  located  by  angles  only.  Angles  are  laid  off  and  the 
lines  numbered  so  that  the  required  points  of  intersection  may 
be  found  without  confusion.  The  method  of  plotting  a  point 
located  by  the  three-point  method  is  explained  on  page  462. 

(c)  Points  located  by  linear  measurements  only.  Frequently 
the  right  angles  for  perpendicular  offsets  may  be  estimated  by 
eye,  especially  in  plotting  indefinite  details,  such  as  edges  of 
streams  and  roads.  A  point  located  by  two  intersecting  dis- 
tances may  be  plotted  by  swinging  two  arcs  with  the  com- 
passes, or  better  still  by  swinging  one  arc  and  using  the  scale. 
This  applies  especially  to  all  tie-line  methods.  To  test  the 
straightness  of  a  Une  located  by  offsets,  such  for  example  as  a 
fence  line,  plot  the  offsets  on  another  paj)er  (cross-section  paper 
will  often  answer  the  purpose),  using  an  exaggerated  scale  for 
offsets  just  as  heights  are  laid  off  to  an  exaggerated  scale  in 
plotting  profiles.  This  is  especially  useful  in  determining 
boundaries. 

{d)  Oenercd  suggestions.  (1)  Keep  the  drawing  free  from  unnecessary 
lines.  Thus  in  plotting  by  angle  and  distance  it  is  not  necessary  to  draw 
radial  lines  clear  to  the  station;  draw  only  the  portions  near  the  points 
located.     Likewise  draw  only  short  portions  of  intersecting  arcs. 
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(2)  Test  all  check  distances  or  angles.  For  example,  if  two  houses  are 
plotted  independently  and  the  shortest  distance  between  them  is  given 
m  the  notes,  always  check  this  distance  on  the  map.  Likewise  test  all 
the  lines  given  as  checks.  If  an  angle  is  given  to  a  point  not  for  tbe  pur- 
I>ose  of  plotting  but  as  a  check,  the  field  work  in  measuring  the  angle 
goes  for  nothing  unless  the  angle  is  tested  on  the  map. 

(3)  Make  it  a  practice  to  plot  all  the  important  points  at  a  station  first, 
such  for  example  as  the  main  comers  of  a  Duilding  or  of  a  street. 

(4)  Do  not  waste  time  in  trying  to  establish  some  one  point  which 
does  not  come  right.  After  a  reasonable  effort  to  locate  it  leave  it  and 
plot  the  nearbv  points.  Frequently  when  they  are  plotted  the  location 
of  the  doubtful  point  will  be  evident. 

528.  Interpolating  a  Contour  means  plotting  a  number  of 
points  through  which  the  required  contour  passes,  by  interpo- 
lating each  point  between  two  points  already  plotted,  one 
higher,  the  other  lower  than  the  contour.  Assuming  the  ground 
to  slope  uniformly  between  any  two  points  used  for  interpola- 
tion, there  are  a  number  of  methods  of  finding  the  position  of 
the  required  point. 

(a)  Graphic  method.  When  the  surface  of  the  groimd  has 
been  divided  into  squares  or  rectangles  and  the  height  of  each 
comer  is  given,  points  may  be  interpolated,  as  explained  on 
page  433. 

Remark.  Any  three  points  on  the  surface  of  the  ground  will  lie  in  some 
plane,  but  it  is  not  often  that  more  than  three  points  h'e  in  the  same  plane. 
Hence  if  a  point  is  found  by  interpolating  between  two  given  points  on 
the  map  it  cannot  be  checked  by  interpolating  between  two  other  points. 
Thus,  for  example,  if  a  point  has  been  interpolated  between  two  diagonally 
opposite  comers  of  a  square,  it  is  not  likely  that  it  will  coincide  with  a 
point  interpolated  between  the  other  two  comers,  for  it  is  not  likely  that 
all  four  comers  lie  in  the  same  plane.  This  applies  especially  to  the  above 
method  of  interpolation,  but  it  should  be  kept  in  mind  in  interpolating 
by  any  of  the  other  methods. 

(b)  Tracing-doth  method.  Let  A  and  B,  Fig.  528  (&),  be  two 
points  on  a  map  whose  elevations  are  30.3  and  32.7  ft.  respect- 
ively. It  is  desired  to  interpolate  two  points  whose  elevations 
are  31  and  32  ft.  A  piece  of  tracing-cloth  is  ruled  with  hori- 
zontal lines,  any  convenient  distance  apart,  each  space  represent- 
ing 0.1  ft.,  and  the  lines  representing  whole  feet  being  numbered 
from  0  to  10.  Any  point  on  the  line  representing  0.3  ft.  is  set 
at  A  and  held  there  by  a  prick  point.  The  tracing  is  then  swimg 
on  this  point  as  a  pivot  until  the  2.7-ft.  Hne  passes  through  B. 
The  points  where  the  1-ft.  line  and  the  2-ft.  line  crosses  AB 
are  pricked  through,  for  they  are  the  required  points.  Thus 
the  tracing-cloth  can  be  used  over  and  over  for  interpolating 
any  number  of  points. 
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SuggMtiont.  (1)  The  number  and  spacing  of  the  parallel  lines  will 
depend  upon  the  scale  of  the  map  and  upon  the  greatest  differences  in 
elevation  or  the  maximum  distances  apart  of  any  two  given  points  used 
in  interpolation.  Thus,  for  example,  if  the  scale  of  the  map  is  1  in.  =  20  ft., 
and  elevations  are  given  to  tenths  at  distances  not  exceeding  say  40  or 
50  ft.,  then  40  to  60  lines  say  ^a  in.  apart  may  be  ruled.  If  there  are  60 
lines  and  each  space  represents  0.1  ft.  in  elevation,  differences  in  elevation 
may  be  interpolated  up  to  say  5  ft.  This  range  may  be  doubled  by  calling 
each  space  0.2  ft.,  quadrupled  by  calling  each  space  0.4  ft.,  and  so  on. 
Thus  a  piece  of  cloth  the  size  of  a  postal  card  will  often  be  large  enough. 
(2)  Having  ruled  lines  to  suit  the  conditions,  number  the  lines  along  the 
edge  to  correspond.     It  is  well  also  to  rule  every  tenth  line  heavy  or  in 


Fig.  528  (6). 


red  ink  to  aid  the  eye  in  reading.  (3)  If,  occasionally,  two  pomts  are 
too  close  together  and  of  too  great  a  difference  in  elevation  to  use  the  Imes 
as  numbered,  let  each  space  represent  two,  four,  or  even  ten  times  it«  usual 
value,  as  suggested  above. 

(c)  Home-made  device.    Let  the  parallelogram  in  Fig.  528  (c) 
represent  the  inside  edges  of  a  jointed  frame  with  paralld 

threads  stretched  across,  such 
as  that  shown  in  Fig.  528  (d). 
Let  it  be  required  to  inter- 
polate between  two  points,  A 
and  B,  whose  elevations  are 
52.3  and  58.6  respectively.  Set 
the  2.3  point  on  one  edge  at  A 
and  the  8.6  point  on  the  other 
edge  at  B.  Then  thread  5  will 
cross  A  B  Sit  a.  point  on  the  55-ft. 
contour.  Likewise  if  points  on 
the  53-,  54-,  56-,  57-,  and  58-ft. 
they  will  be  where  the  corresponding 


FiQ.  528  (c). 


contours  are  desired 
threads  cross  AB. 
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In  making  this  device  the  number  and  spacing  of  threads 
will  depend  upon  the  conditions  named  in  the  suggestions  given 
above  for  drawing  lines  on  tracing-cloth.  The  directions  for 
making  the  particular  form  shown  in  Fig.  528  (d)  were  given 
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Fig.  628-(d). 

by  Mr.  I.  T.  Famham  in  the  Engineering  NewSj  July  30,  1903. 
This  is  one  of  the  best  of  a  nimaber  of  devices  in  common  use, 
all  depending  upon  the  principal  of  similar  triangles.* 

529.  Accuracy  Required  in  Plotting.  The  same  consid- 
erations which  determine  the  accuracy  required  in  field  work 
(p.  7)  and  govern  the  choice  of  scale  (p.  489)  will  determine  also 
the  accuracy  required  in  plotting.  As  a  rule,  distances  should 
be  laid  off  as  accurately  as  the  scale  adopted  will  permit.  Not 
all  parts  of  a  map,  however,  should  be  plotted  with  the  same 
accuracy.  Plot  accurately  things  located  accurately  in  the 
field — slight  things  slighted  in  the  field.  Thus,  for  example, 
traverse  lines  and  boundary  lines  should  be  plotted  accurately, 
but  indefinite  or  imimportant  details  such  as  river-banks,  paths, 
wood  roads,  and  contour  lines  may  be  plotted  with  much  less 
care. 

530.  Speed.  The  suggestions  concerning  speed  in  field  work 
(p.  8)  hold  good  for  plotting  also.  Perhaps  nothing  contributes 
to  speed  more  than  working  up  the  field  notes  properly,  and 
getting  data  together  before  beginning  to  plot.  (Chapter  XL.) 
Free-hand  sketches  of  transit  fines  with  angles  and  distances 
marked  on  the  sketches  will  often  save  delay  in  looking  up 
notes.  Skill  in  using  the  drawing  instruments  should  be  sup- 
plemented by  an  economical  method  of  procedure.  Like  oper- 
ations  should  be  grouped.    Thus,  for  example,  all  lines  that  can 


*  See  Engineenng  News,  1900,  Vol.  I,  pp.  211,  307,  410,  and  1900,  Vol.  II, 
pp.  62,  109. 
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be  drawn  with  one  position  of  the  T-square  and  triangles  should 
be  finished  before  beginning  another  set  of  lines.  When  the 
scale  is  in  hand^  all  measurements  which  can  be  made  at  that 
time  should  be  laid  off.  Make  sure  that  the  skeleton  of  the 
survey  is  correct  by  systematic  checks  (p.  494)  before  plotting 
details. 

531.  Copying  Hfid  Trimsf erring  Maps.  Several  methods 
are  given  below. 

(1)  Pin  the  map  to  be  copied  on  the  drawing-board  with  a 
clean  sheet  of  paper  underneath,  and  prick  through  the  im- 
portant points  with  a  sharp  fine  needle.  Work  with  system 
so  as  not  to  omit  any  points,  and  when  the  upper  sheet  is  re- 
moved find  first  the  points  which  determine  the  prinoipal  lines 
and  then  work  up  the  less  important  details.  Several  copies 
can  be  pricked  at  once,  and  the  holes  in  the  original  map  may 
almost  be  obliterated  by  rubbing  th^n  on  the  back  of  the  sheet 
with  a  smooth  hard  substance. 

(2)  Copy  the  map  with  a  pantograph  (p.  443). 

(3)  Trace  the  map  and  print  it  on  blue  or  brown  process 
paper  (pp.  451  to  454). 

(4)  Rule  squares  of  any  desired  size  on  the  original  map, 
draw  an  equal  number  of  squares  on  another  sheet  of  paper, 
and  plot  each  important  point  by  its  distances  from  two  adee 
of  the  square  in  which  it  is  located.  Unimportant  points  may 
be  located  by  eye.  If  it  is  desired  to  reduce  or  enlarge  the  map 
draw  the  squares  on  the  clean  sheet  to  a  smaller  or  larger  scala 

(5)  Trace  the  map  oa  thin  tough  tracing  paper,  rub  the 
reverse  side  of  the  paper  along  all  of  the  lines  with  a  soft  black 
pencil,  pin  the  paper  over  a  dean  sheet  of  drawing  paper, 
blackened  side  downward,  and  go  over  the  lines  with  a  sharp 
hard  pencil  under  moderate  pressure.  This  will  leave  a  faint 
tracing  on  the  clean  paper  which  can  be  inked  afterward.  While 
rubbing  the  lead  on  the  back  of-  the  tracing  paper,  lay  the 
latter  on  a  hard  smooth  surface,  ad  a  steel  triangle,  so  that  the 
lead  will  spread  evenly. 

(6)  Maps  may  be  copied  by  the  aid  of  light  from  beneath, 
just  as  small  tracings  on  thick  paper  can  be  ^ade  by  holding 
the  two  sheets  against  a  window  pane.  The  map  with  the  clean 
paper  over  it  should  be  laid  on  a  sheet  of  glass  and  a  strong 
light  reflected  through  from  beneath.*    A  cloth  may  be  thrown 

*See  Enffineering  Newe,  Dec.  29,  1904,  for  a  £ranie  modeM  after  a 
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over  the  head  to  exclude  all  light  except  that  which  comes 
through  the  glass. 

(7)  Maps  may  be  photographed — a  method  chiefly  used  for 
producing  small  copies  for  printed  reports  by  the  method  of 
photo-reproduction. 

Only  methods  (2),  (4),  and  (7)  can  be  used  for  copying  to  a 
diflferent  scale  from  that  of  the  original  map.  Method  (3)  is 
the  most  common,  since  any  niunber  of  prints  can  be  made 
from  one  tracing.  Method'  (4)  is  used  a  good  deal  for  drawing 
portioi3ifl  of  governmwit  maps  to  larger  scale.  Method  (5>  is 
particukirly  useful  in  city  work,  such  as  transferring  ptots  of 
buiMin^  from  one  sheet  to  auothw. 

pIpotogEap^er's  retouohinc;  frame,  aad  also  for  a  roDshraad^ready  expedient, 
for  camp  use  made  from  a  ^ght  placed  in  a  box  or  iMurel,  with  a  piece 
of  glass  aoroea  ih»  top. 
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FINISHING  THE  MAP 


Finishing  the  map  includes  such  work  as  inking,  tracing,  shading, 
coloring,  lettering,  water-lining,  putting  on  conventional  si^as,  designing 
titles,  drawing  meridian  needles,  ruling  border  lines,  and  cleaning  the  draw- 
ing.    Directions  and  suggestions  for  this  work  are  given  in  this  chapter. 


532.  Requirements  for  Maps.  Certain  requirements 
ocumon  to  all  good  maps  are  given  below,  followed  by  addi- 
tional requirements  to  be  kept  in  mind  when  drawing  maps 
for  special  purposes. 

(a)  Specifications  for  vxyrkmanship.  (1)  Clean-cut  ink  lines 
accurately  drawn  (p.  446) — plain  unmistakable  figures  (p.  27) 
— good  lettering  (p.  507) — symmetrical  and  orderly  arrange- 
ment (p.  504) — neat  appearance. 

(6)  What  in  general  should  appear  on  a  map.  (1)  A  neat, 
explicit  title.  (2)  The  scale  given  in  figures  and  also  drawn 
on  the  map.  (3)  A  meridian  needle  showing  the  direction  of 
the  true  meridian,  or  two  needles  showing  the  direction  of  the 
true  and  of  the  magnetic  meridian,  vnth  the  magnetic  declination 
given  in  figures.  (4)  Important  data  such  as  the  date  and  the 
name  of  the  surveyor.  (5)  A  simple  border  line.  (6)  Explan- 
atory notes.     (7)  A  key  to  aU  symbols  used. 

(c)  Remark.  In  some  cases,  as  for  example  when  maps  are  made  for 
photo-reproduction,  the  scale  is  drawn  but  not  given  in  figures.  When 
a  magnetic  meridian  adds  nothing  to  the  value  of  a  map,  as  is  often  the 
case,  it  is  better  to  draw  only  the  true  needle,  and  to  omit  the  value  of  the 
declination.  A  note,  however,  should  make  clear  that  it  is  the  true  and 
not  the  magnetic  necnlle  which  is  shown. 

{d)  Additional  requirements  for  an  ordinary  map  will  depend, 
of  course,  upon  the  use  to  which  the  map  will  be  put.  Assuming 
that  this  consideration  governed  the  field  work,  it  is  probable  that 
any  data  which  appear  in  the  field  notes  (in  addition  to  those 
required  for  plotting)  should  appear  also  on  the  map.  The 
most  important  requirements  for  an  ordinary  property  map 
are:    (1)  Property  lines  indicated  as  such.     (2)  Lengths  of  all 
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boundary  lines  and  character  of  boundaries,  i.e.,  kinds  ot  fences, 
etc.  (3)  Angles  at  the  intersections  of  boundary  Hnes.  (4) 
Points  of  intersection  (boundary  corners)  properly  referenced 
with  respect  to  permanent  objects,  and  all  monuments  marked 
as  such.  (5)  Street  lines,  ciurb  lines,  and  building  lines  clearly 
indicated  as  such.  (6)  Property  lines  of  adjoining  land  which 
intersect  the  boundaries  of  the  tract  surveyed  shown  and 
angles  ^ven.  (7)  At  least  one  boundary  line  properly  refer- 
enced (by  offsets  and  bearing  if  possible,  see  remark,  p.  203). 
(8)  Names  of  the  proprietors  of  adjoining  land.  (9)  Names  of 
streets,  streams,  etc. 

(e)  Remark.  Incomplete  maps  are  sometimes  as  bad  as  inaccurate 
maps,  and  are  frequentl3^  the  cause  of  boundary  disputes.  In  some  states 
good  laws  exist  prescribing  what  shall  appear  on  a  map  before  it  will  be 
received  for  public  record.  Among^  such  requirements,  in  addition  to 
those  given  above,  are:  The  certificate  of  the  surveyor  that  the  plat  is 
a  correct  one,  and  that  the  monuments  described  in  it  have  been  planted 
as  therein  described;  also  the  acknowledged  signatiu-es  of  all  persons 
possessing  title  to  any  of  the  land  in  the  tract,  and,  sometimes  those  o^ 
adjoining  owners. 

In  a  paper  on  The  Oimiership  of  Surveys  and  what  Conttiiutes  a  Survey 
and  Map  Professor  William  G.  Raymond  discusses  the  requirements  for  a 
good  map,  and  makes  some  particularly  valuable  suggestions  concerning 
maps  intended  for  public  record.  This  paper  originally  appeared  in 
The  Polytechnic^  the  student  journal  of  Rensselaer  Polytechnic  Institute, 
and  is  reprinted  in  Professor  Raymond's  Plane  Surveying  and  also  in  Pro- 
fessor Johnson's  book  on  surveying. 

(/)  Requirements  for  topographic  maps  in  addition  to  those 
already  given  are:  (1)  Contours  shown  and  plainly  marked 
with  elevations  (p.  518).  (2)  Different  topographic  features 
indicated  by  conventional  signs  (p.  519).  (3)  Datiun  (actual 
or  assumed)  given  in  a  note  (p.  527).  (4)  Different  portions 
of  the  map  tinted  with  different  colors  (p.  522).  This  last 
requirement  is  for  a  limited  class  of  maps  only. 

(g)  Remark.  Maps  for  special  purposes  must  meet  special  requirements. 
Thus,  for  exaiiu>le,  on  page  211  are  given  the  requirements  for  a  map 
made  for  an  architect.  Entirely  different  data  must  be  given  on  maps 
for  use  in  landscape  work,  mining,  railroad  work,  and  court  proceedings. 
The  aim  should  be  to  make  maps  for  such  purposes  explicit  and  complete 
like  a  working  drawing,  with  all  necessary  dimensions  and  explanatory 
notes. 

533.  The  General  Method  of  Procedure  in  finishing  a  map 
after  it  has  been  plotted  in  pencil  may  be  outlined  as  follows: 
(1)  Decide  upon  the  general  arrangement  of  border  lines, 
lettering,  etc.,  and  draw  the  working-limit  line.  (See  the  next 
article.)  (2)  Ink  in  the  main  lines  such  as  street  lines,  boundary 
lines,  etc.  (p.  506).  (3)  Ink  in  details  such  as  buildings, 
streams,  etc.  (4)  Letter  the  map,  putting  on  dimensions  and 
the  small  single-stroke  lettering  first,  but  sketching  the  names 
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•f  streets,  streams,  property  owners,  etc.,  in  pencil  if  there 

s  any  likelihood  of  the  small  lettering  interfering  with  or  crowd- 

Qg  the  principal  names  (p.  506).     (5)  Finish  the  conventional 

igns   if   there  are  any.     (6)  Print  the  title  and  explanatory 

lotes  (p.  523).     (7)  Draw  the  meridian  needle  and    the  scale 

p.  526).     (8)  Draw  the  key  or  legend,  if  one  is  necessary. 

Note.  The  above  method  of  procedure  may  be  followed  whether  the 
lap  is  traced  or  inked  directly  on  the  drawing  paper.  If,  however,  the 
lap  is  to  be  tinted,  the  tints  may  be  laid  on  before  inking,  though  many 
ngineers  prefer  to  use  waterproof  ink  and  to  lay  on  the  tint  after  inking. 

534.  Arrangement*  (a)  Border  lines.  Draw  the  border 
ines  in  pencil.  If  they  are  to  be  square  with  the  points  of  the 
iompass  (a  question  discussed  on  page  490)  one  side  of  the 
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ectangle  is  either  drawn  parallel  to  a  meridian  line  or  else 
►lotted  from  a  line  of  known  bearing.  If  the  directions  of  border 
ines  are  immaterial,  draw  the  smallest  rectangle  consistent 
/ith  a  good  arrangement  of  the  map  as  a  whole.  Space  must 
►e  provided  for  a  title,  a  meridian  needle,  and  the  necessary 
xplanatory  notes.  Draw  a  pencil  guide  line  about  J  in.  inside 
f  the  border  line;  no  line  of  the  map  should  extend  beyond 
his  working  limit.     Draw  another  pencil  line  from  1  to  1}  in. 


FINISHING  THE  MAP  605 

outside  of  the  border  line  wliich  will  be  the  edge  of  the  finished 
drawing  after  it  is  trimmed.  Avoid  making  a  map  square,  or 
with  its  vertical  edge  much  longer  than  its  horizontal  edge. 
In  Fig.  534  the  over-all  dimensions  are  such  that  the  tracing 
will  fit  inside  of  a  standard  blue-print  frame  designed  for  sheets 
of  *'  double-elephant"  size.  (See  p.  523  for  inking  border  lines.) 
(6)  Lettering.  Having  decided  which  edge  of  the  map  is  to 
be  the  top  (see  p.  490),  print  words  and  dimensions  so  that  ifchey 
can  be  read  when  either  the  bottom  or  the  right-hand  edge  of 
the  map  is  held  next  to  the  body,  i.e.,  print  from  left  to  right 
and  from  the  bottom  upward.  In  only  one  case  should  the 
printing  read  downward — ^when  the  line  extends  in  the  general 
direction  of  a  diagonal  from  the  upper  left-hand  corner  to  the 
lower  right-hand  corner  of  the  map.  (See  p.  517.)  It  is  a  very 
conunon  mistake  for  beginners,  working  from  different  edges 
of  the  drawing-board,  to  put  on  dimensions  and  words  upside 
down,  especially  dimensions.     (See  Fig.  534.) 

(c)  Titles.  The  best  place  for  a  title  is  in  the  lower  right- 
hand  comer,  for  in  searching  through  a  pile  of  maps  it  is  con- 
venient to  raise  simply  the  lower  corner  of  each  map  without 
disturbing  the  pile  until  the  title  of  the  map  sought  for  is  ex- 
posed to  view.  Frequently,  however,  there  is  no  room  for  a 
title  in  the  lower  right-hand  corner,  or  there  is  a  much  larger 
vacant  space  elsewhere  in  which  it  is  desirable  to  place  the  title 
for  the  sake  of  a  symmetrical  appearance.  For  the  same  reason 
the  meridian  needle  and  explanatory  notes  are  placed  in  the 
most  open  space,  though  as  a  rule  the  explanatory  notes  should 
be  near  the  title,  and  the  meridian  needle  near  the  bottom  of 
the  map.  Never  place  the  title  inside  of  the  property  mapped, 
(See  page  523  for  size  of  title.) 

(d)  Names  of  streets ^  streams ^  property  owners,  etc.,  are  placed  in 
vacant  spaces  where  they  will  catch  the  eye,  but  not  where  they 
will  obscure  any  part  of  the  map.  If  possible  place  the  names 
of  a  street  in  the  center  of  that  street,  and  the  name  of  a  proper'  y 
owner  parallel  to  the  boundary  line  between  his  land  and  the 
property  mapped. 

(e)  Final  suggestions  for  arrangement.  (1)  Put  on  necessary 
dimensions  before  printing  words,  and  do  not  put  on  either 
until  the  lines  of  the  map  have  been  inked.  (Note  an  exception 
in  section  lining,  p.  522.)  (2)  Ink  the  border  line  last — it 
may  have  to  be  changed  slightly.     (3)  When  working  on  the 
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miscellaneous  small  lettering,  plan  to  leave  space  for  the  namefi 
which  require  large  letters — ^it  is  frequently  expedient  to  sketch 
the  latter  roughly  in  pencil  first. 

535.  Inking.  (1)  Make  sure  that  the  ruling  pen  is  in  good 
working  order  before  beginning  to  ink  (p.  440).  (2)  Make  the 
lines  clear  cut  and  fairly  heavy  especially  on  tracings — the  general 
tendency  is  to  make  lines  too  light  (p.  451).  Widths  of  lines 
may  vary  according  to  their  importance,  but  use  the  same 
width  of  line  for  like  details.  (3)  Be  careful  to  follow  the 
pencil  lines  exactly.  Of  what  avail  is  it  to  plot  accurately  in 
pencil  only  to  lose  acciwacy  in  inking?  (4)  Follow  the  general 
directions  for  inking,  page  446.  (5)  Ink  the  lines  in  the  order 
of  their  importance,  the  most  important  lines  first.  (6)  Edges 
of  streams  and  similar  indefinite  lines  should  not  be  ruled  but 
should  be  drawn  free-hand  zigzagging.  Use  a  ruling  pen  or 
a  contour  pen  for  free-hand  work  to  8eciu*e  a  uniform  width  of 
line.  (7)  The  map  will  ''stand  out"  better  if  portions  of  the 
outlines  of  details  are  drawn  heavy,  i.e,,  if  outline  shading  is 
employed,  as  in  working  drawing.  (See  the  next  article.)  (8) 
It  is  not  customary  to  ink  the  traverse  lines,  but  if  they  are 
shown  at  all  they  are  usually  drawn  in  red  ink.  If  it  is  desired 
to  show  the  location  of  stations  this  may  be  done  without 
inking  the  traverse  lines  by  merely  drawing  a  very  small  circle 
in  red  ink  around  each  station  point;  small  equilateral  tri- 
angles are  used  for  triangulation  stations.  In  some  maps  such 
as  those  of  mines  it  is  important  to  show  all  stations.  (9)  The 
dashes  in  broken  lines  should  be  short  and  close  together, 
thus: 

536.  Outline  Shading.  City  blocks,  buildings,  bridges, 
outlines  of  land  against  water  and  similar  objects  should  be 
shaded  as  projections,  while  streams,  lakes,  streets,  and  road- 
ways should  be  treated  as  depressions.  Thus,  for  example,  if 
the  top  of  the  map  is  north,  the  soiUh  and  east  sides  of  a  building 
are  the  heavy  lines,  while  in  the  case  of  a  stream  it  is  the  north 
and  v)est  banks  that  are  shaded.  In  the  free-hand  shading 
of  coast  lines  or  roadways,  half  or  quarter  strength  shade  lines 
at  the  proper  angle  are  sometimes  used. 

537.  Use  of  Colored  Inks.  Lines  which  represent  existing 
features  are  almost  invariably  drawn  in  black,  but  proposed 
changes,  such  as  a  new  layout  for  a  road  or  a  change  of  grade 
for  a  street,  are  usually  shown  in  red.    Contour-lines  are  fre- 
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quently  drawn  in  sepia  or  seal-brown,  and  water-lines  in  blue 
(except  on  tracings).  These  are  the  principal  colors  used 
unless  a  map  is  tinted.  On  special  maps  additional  colors  are 
used  to  bring  out  different  features,  as,  for  example,  when  the 
workings  in  the  different  levels  of  a  mine  are  shown  on  the  same 
plan  and  a  different  color  is  used  for  each  level.  Dimension 
lines  are  usually  drawn  in  red  with  black  arrow-heads, 

(a)  Prepared  colored  inks  furnished  in  bottles  are  often  unsatisfactory 
and  deteriorate  rapidly.  Test  by  drawing  several  lines  as  wide  as  will  be 
required  on  the  map.  If  the  ink  seems  thin  and  gathers  at  the  end  of  the 
stroke,  leaving  the  end  of  the  line  a  more  pronounced  color  than  other 
portions,  it  should  be  rejected.  If  water-proof  qualities  are  not  desired 
the  most  satisfactory  colors  can  be  obtained  by  mixing  water-colors  with 
just  enough  water  to  make  the  mixture  flow  readily  from  the  pen.  Use 
scarlet  vermilion  for  red,  burnt  sienna  for  brown,  and  Prussian  blue  for 
blue. 

538.  Tracings.  General  directions  for  tracing  are  given  on 
p.  451.  Most  of  the  directions  for  finishing  a  map  in  ink 
(Art.  535)  apply  also  to  tracing.  If  colored  inks  are  used  it 
should  be  remembered  that  colors  known  as  "earths,"  such  as 
deep  yellows  and  browns,  will  give  the  whitest  lines  on  blue- 
prints, while  blues  will  almost  vanish  in  printing  as  they  offer 
little  resistance  to  the  sun's  rays.  Many  of  the  prepared  red 
inks  will  give  only  faint  lines,  but  a  scarlet  vermilion  water-color 
(Art.  537  (a))  will  give  fairly  white  lines. 

When  the  map  has  been  traced  on  the  smooth  side  of  the 
cloth  a  nice  finish  can  be  given  by  rubbing  colored  pencils  on 
the  reverse  or  rough  side,  using  the  conventional  tints  given  on 
page  523.  Hold  the  pencil  flat  to  spread  the  tint  quickly  and 
evenly,  then  use  an  old  dried-up  eraser  to  rub  the  color  down 
until  it  is  free  from  streaks  and  as  uniform  as  a  wash  tint.  Too 
soft  an  eraser  will  take  the  tint  off  instead  of  rubbing  it  in. 
Finish  by  rubbing  with  a  cloth.  The  tracing-cloth  will  only 
take  about  so  much  color.  Lighter  tints  may  be  obtained  by 
rubbing  less  color  on  in  the  first  place.  For  streams  and  bodies 
of  water  the  deepest  blue  is  near  the  shore-lines  and  this  is 
gradually  worked  out  to  almost  no  color  in  the  center.  Some- 
times excellent  effects  may  be  obtained  by  section-lining  in 
color  instead  of  spreading  colors  evenly.  For  lettering  tracings 
by  shifting  letters  underneath  see  page  517. 

539.  Lettering.*  Good  lettering  does  not  depend  to  such 
an  extent  as  is  generally  supposed  upon  ability  to  handle  a 

*The  singlenstroke  system  of  lettering  has  already  been  explained  on 
pagfis  24  to  29t  and  hence  this  article  deals  mainly  with  letters  which  caanot 
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pen.  If  letters  afe  properly  fowned,  well  proportioned,  and 
well  spaced  the  general  eflfect  will  be  pleasing  even  though  th6 
strokes  are  made  free-hand  and  are  ragged.  A  knowledge  of 
the  essentials  of  good  lettering  is  all  the  more  important  when 
the  rulitig^pen  and  straight-edge  are  used,  for  the  mere  fact 
that  the  letters  are  not  drawn  free-hand  indicates  that  an  extra 
effort  was  made  to  do  good  work,  and  h&axse  extrargood  results 
may  be  expected.  Letters  in  the  same  word  belonging  to 
different  styles  of  alphabets,  and  letters  too  wide  or  too  narrow 
for  their  heights^  are  defects  which  show  ignorance,  and  no 
mere  skill  in  execution  can  atone  for  thi&  A  knowledge  of 
the  forms  and  proportions  of  the  letters  in  at  kast  one  good 
standard  alphabet,  such  as  the  Gothic,  may  be  gained  in  a 
very  short  time  and  will  go  far  toward  helping  the  beginner 
to  do  satisfactory  lettering. 

(a)  Style  of  lbttbrs.  Letters  on  maps  should  be  simple. 
Ornate  letters  indicate  extra  effort  to  produce  good  effects^ 
and  when  they  are  poorly  executed,  as  they  frequently  are,  the 
failure  is  more  pronounced  than  if  only  a  simple  dignified  style 
had  been  attempted.  Poor  lettering  may  ruin  the  appearance 
of  a  map,  but  it  is  not  necessary  to  go  to  the  other  extreme  and 
to  give  to  lettering  an  undue  prominence.  Too  often  time  wasted 
in  ornamental  lettering  could  have  been  used  to  advantage  in 
plotting  the  map  more  accurately,  and  occasionally  such  letter^ 
ing  is  used  to  impress  the  uninitiated  with  the  exoellenoe  of  a 
very  poor  map. 

There  are  two  standard  alphabets  which  form  the  basifl  of 
map  lettering,  i.e.,  Gothic  and  Roman.  Capital  letters  of  the 
Roman  style  are  simple  and  very  effective.    They  are  perh^ 

be  made  with  single  strokes.  It  is  not  the  intention  to  treat  the  subject 
of  lettering  in  detail,  but  rather  to  guide  the  student  in  his  study  of  bookf 
on  lettering,  especially  those  recommended  below. 

"Lettering,"  by  C.  E.  Sherman,  C.E.  (Midland  Publishing  Co.,  Columbus. 
Ohio).  Especially  good  for  forms  and  proportions  of  letters,  for  order  a&d 
sequence  of  strokes  in  forming  letters,  and  as  an  all-around  book  on  ma^ 
lettering. 

"Lettering  for  Draftsmen,  Engineers,  and  Student.^."  by  Charles  W. 
Reinhardt  (The  D.  Van  Nostrand  Publishing  Co.,  New  York).  Especially 
good  for  single-stroke  free-hand  lettering. 

"Plain  Lettering,"  by  Professor  Henry  S.  Jacoby  (Engineering  News 
Publishing  Co.,  New  York).  Gives  in  detail  the  exact  lorm  and  pro- 
portions of  letters  of  different  styles,  and  also  definite  rulM  for  spAoing. 
Especially  adapted  for  exact  work  with  instruments, 

^Free-Hand  Lettering,"  by  Victor  T.  Wilson,  M.B.  (John  WU«y  k 
Sons).  An  admirable  presentation  of  "the  developmMit  of  a  letter,  a  word, 
or  lines  of  words  by  the  sketch  method,  analogous  to  that  us^  in  other 
free-hand  drawing. 
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the  most  beautiful  of  ail  letters,  but  the  spurs,  delicate  serifs, 
and  hair-lines  are  difficult  to  draw,  and  if  not  executed  well 
they  are  especially  noticeable  because  the  eye  is  so  accustomed 
to  the  comparatively  perfect  forms  in  ordinary  type.  The 
student  is  therefore  advised  to  adopt  the  Gothic  style  and  to 
stick  to  it  until  he  has  become  skillful  enough  to  undertake  the 
other.  One  alphabet  thoroughly  mastered  will  pave  the  way 
to  another.  Letters  may  be  drawn  upright  or  inclined.  It  is 
somewhat  easier  to  secure  a  imiform  appearance  if  the  letters 
are  inclined,  since  sli^t  variations  from  the  standard  slope 
are  less  noticeable  than  equal  variations  from  the  vertical. 

(6)  The  gbneral  method  op  procedure  is  to  draw  top  and 
bottom  guide-lines  in  pencil,  to  block  out  the  letters  with  a  sharp 
pencil,  and  then  to  ink  them  with  a  writing-pen.  Even  an  expert 
usually  requires  a  bottom  guide-line,  and  the  beginner  will  need 
one  at  the  top  also. 

(c)  The  size  op  letters  depends  upon  the  importance  of 
the  object  described,  the  scale  of  the  drawing,  and  the  size  of 
the  map.  The  following  proportions  are  approximately  those 
suggested  by  Professor  Charles  McMillan:* 

Height  of  Height  of  Small 

Scale  Largest  Uoright  Letters  for  Ex- 

Capitals  planatory  Notes 

^  or  1  inch=»  50  ft.  0.6  inch  0.12  inch 

j^  or  1  inch  «=  200  ft.  0.5  inch  0.10 

f^fgjf  or  1  foot»  1  mile  0.4  inch  0.06  inch 

In  the  author's  judgment  the  heights  given  above  for  capital 
letters  should  be  reduced  0. 1  inch  in  each  case.  Gothic  capitals 
0.5  inch  high  are  large  enough  for  most  maps,  and  often  0.3 
inch  is  a  better  height. 

Frequently  it  is  the  size  of  the  map  and  not  the  scale  which 
determines  the  heights  of  letters.  Thus  another  writer  suggests 
that  "As  a  rule  no  letter  should  exceed  0.03  of  the  length  of 
the  shorter  border  of  the  drawing  on  which  it  appears."  It 
would  seem  as  if  this  rule  places  the  limit  too  high  for  ordinary 
maps,  and  that  ^  of  the  length  of  the  shorter  border  is  a  better 
maxiiTriiim  height  for  letters.  The  tendency  is  to  make  letters 
too  large — ^they  should  not  "stare  one  in  the  face"  upon  pick- 
ing up  a  map. 

♦  Sherman's  *'  Lettering/*  p.  13. 
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(d)  Proportions  op  letters.  A  good  unit  used  in  pro- 
portioning letters  is  one-sixth  the  height,  and  the  width  of  a 
letter  may  be  expressed  in  terms  of  this  unit.  The  widths  of 
Gothic  capitals  may  be  given  as  follows:  * 

J  is  4    units  wide 

Lis  4}  " 

F,  H,  N,  P,  and  U  are  4i  "        " 

B,  E,  R,  and  S  are  4i  "        " 

D,  T,  V,  and  Z  are  5  " 

A,  C,  6,  K,  O,  Q,  X,  and  Y  axeSi  "        " 

Mis  6  "        *' 

Wis  7i     " 

The  letter  |  is  one  unit  wide,  and  this  is  the  width  of  the 
stems  of  all  of  the  letters.  Although  the  first  step  in  proportion- 
ing a  letter  is  to  determine  its  width,  it  is  also  necessary  to 
observe  other  proportions.  These  proportions  may  be  studied 
from  a  chart  in  which  each  letter  is  outlined  upon  a  surface 
divided  into  imit  squares.  (See  pp.  511  to  515.)  In  ordinary 
work  letters  are  so  small  that  these  squares  are  not  drawn^ 
proportions  being  estimated  by  eye.  Proportions  are  arbitrary 
and  may  be  varied,  but  until  the  beginner  has  acquired  a  sense 
of  proportion,  he  should  be  guided  by  the  letters  in  Plates  I 
to  VI,  pp.  511  to  515. 

(e)  Penciling  the  letters.  Use  a  hard  pencil  with  a 
sharp  point.  Penciling  should  be  done  with  care,  for  if  the 
letters  are  not  well  proportioned  and  well  spaced  in  pencil 
they  are  seldom  improved  in  inking.  When  the  Gothic  letters 
are  too  large  for  single  strokes  proceed  as  follows:  (1)  Rule  top 
and  bottom  guide-lines.  (2)  Place  a  dot  }  of  height  above 
bottom  guide-line,  thus  estimating  once  for  all  the  unit  for 
proportioning  and  for  the  thickness  of  stems.  (3)  Block  out 
the  letters  in  pencil,  using  limiting  verticals  or  "width-lines." 
The  distance  between  the  "width-lines"  for  any  letter  is  given 
above  in  imits  of  }  the  height;  to  estimate  this  distance  draw 
the  left-hand  width-line  and  place  a  dot  on  one  of  the  guide- 
lines 6  units  to  the  right,  as  if  the  letter  were  to  occupy  a 
square,  then  cut  off  or  add  to  this  square  the  necessary  space 
according  to  whether  the  letter  is  narrower  or  wider.     This  is 

*  3herman's  "liettering,**  p.  8» 
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done  by  eye,  no  measurements  being  made.  It  is  better  to 
finish  one  letter  before  drawing  the  width-lines  for  the  next  in 
order  to  space  correctly.  In  drawing  any  letter  there  are  two 
things  to  observe:  (a)  the  sequence  of  strokes  and  (6)  the 
placing  of  dots  to  secure  proper  proportions.  Thus  in  the  Ht 
Flat-e  I,  the  first  four  strokes  are  vertical  strokes  and  the  dot 
half-way  up  is  made  before  strokes  5  and  6.  In  most  letters 
the  strokes  on  or  near  the  width-lines  are  made  first,  followed 
by  parallel  strokes.  In  letters  like  |V|,  Hj  K»  W)  ^^^  Y  ^^® 
placing  of  one  or  more  guiding  dots  is  very  important. 

Remark.  The  directions  given  are  for  lettering  on  paper.  In  lettering 
on  tracing-Ksloth  many  devices  may  be  used  for  shortening  the  work,  sueh 
for  example  as  a  sheet  ruled  in  squares  to  slip  imder  the  cloth,  or  one  on 
which  inclined  lines  have  been  ruled  to  aid  in  getting  inclined  lettering 
at  the  proper  slope. 

(/)  A  STUDY  OF  THE  GoTHic  CAPITALS  in  detail  is  given  below.* 
The  order  of  strokes  may  be  varied  somewhat,  but  in  practicing 
it  is  well  to  observe  that  given  below  for  each  letter.  Consult 
the  letters  in  the  upper  row  of  each  plate  for  proportions,  and 
those  on  the  lower  row  for  methods  of  construction.  Peculiari- 
ties of  some  of  the  letters  can  be  learned  easily  at  the  outset— 
for  example:  the  horizontal  bars  of  H;  E>  F>  ^md  B  are  more 
than  half-way  up,  while  those  of  P  and  R  are  not;  O;  C>  6> 
and  Q  are  slightly  higher  than  other  letters,  extending  above 
the  top  and  below  the  bottom  guide-lines;  B;  E>  K^  St  X> 
and  Z  are  not  so  wide  at  the  top  as  at  the  bottom;  strokes 
5  and  6  of  the  M  do  not  meet  3  and  4;  stroke  5  in  |C  does  not 
start  from  the  vertical  stem. 


St 


Plate  I 


•  With  the  kind  permission  of  Professor  Sherman  the  drawings  in  tbii 
article  have  been  modeled  after  similar  figures  in  his  book  on  lettering, 
tokd  the  directions  for  forming  the.  letters  which  accompany  the  cuts  on 
pp.  512-515  are  taken  verbatim  from  pages  27  and  28  of  that  book. 
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H  After  cutting  off  1 J  stems  from  a  square  to  obtain  the 
circumscribing  rectangle,  the  strokes  are  as  indicated,  1  and  2 
coinciding  with  the  left  and  right  sides  of  the  rectangle  respect- 
ively. Strokes  5  and  6  are  correctly  placed  by  first  bisecting 
the  height  with  a  dot — the  bar  to  be  slightly  above  mid-height. 

E  The  middle  bar  is  placed  by  the  use  of  a  dot  as  in  H  ^^^ 
is  half  the  length  of  the  bottom  bar.  The  top  bar  is  J  unit 
shorter  than  the  bottom  one. 

F  Central  bar  placed  slightly  above  the  middle  as  above, 
and  is  half  the  length  of  the  top  bar. 

L  Cut  off  If  units  from  a  square  to  get  its  width.  If  the 
next  succeeding  letter  in  a  word  is  /\,  narrow  the  L  to  4  imits. 

X    Bisect  stroke  3  with  a  dot  to  guide  strokes  4  and  5. 

Plate  II 


■ 


M 


m 


IVI  Is  somewhat  difficult  to  draw  neatly,  the  trouble  being 
to  keep  the  junction  of  the  inclined  and  vertical  stems  from 
being  too  thick  without  making  the  middle  opening  appear  too 
large.  After  strokes  1,2, 3,  and  4  place  a  bisecting  dot  on  the 
lower  guide  Above  this  1|  imits,  about,  place  another  dot, 
and  strokes  5  and  6  join  this  dot  with  points  on  the  top  guide 
about  J  of  a  space  from  3  and  4.  Strokes  7  and  8  are  parallel 
to  6  and  5  respectively,  making  the  inclined  parts  a  unit 
thick.  This  should  make  the  width  of  the  middle  portion  on 
the  lower  guide  less  than  a  imit. 

N  After  strokes  1,  2,  3,  and  4  place  dots  at  unit  distances 
from  1  and  2,  as  shown  at  top  and  bottom.  Stroke  5  begins 
at  the  dot  on  the  top  guide  and  ends  on  stroke  3  at  a  trifle  less 
than  two  units  from  the  bottom.  Stroke  6  is  parallel  to  5  and 
must  end  on  the  lower  dot.  The  inclined  stem  must  not  be 
over  a  imit  thick. 
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IC  After  strokes  1  and  2  place  a  dot  on  2  two  units  above  the 
bottom.  Place  a  dot  on  the  top  guide  half  a  unit  from  the 
right  side,  and  3  joins  this  point  with  the  dot  on  2.  On  the 
lower  guide  place  a  dot  1}  units  from  the  right  side,  and  another 
on  3  at  1}  units  from  2  to  guide  stroke  5.  Strokes  4  and  6  are 
parallel  to  and  unit  distance  from  3  and  5  respectively. 

Z  After  strokes  1, 2, 3,  and  4  place  a  dot  on  3,  1}  imits  from 
the  right  side.  Stroke  5  joins  this  dot  with  the  left  end  of  4. 
Stroke  6  is  parallel  to  and  imit  distance  from  5,  but  must  end 
at  the  intersection  of  3  and  the  right  width-line;  some  shifting 
of  strokes  5  and  6  may  be  necessary  to  secure  this. 

Plate  III 


™ 
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A  Find  its  rectangle,  bisect  the  top  by  a  dot  which  guides  1 
and  2.  After  drawing  3  and  4,  place  a  dot  2  units  from  the 
bottom;  strokes  5  and  6  are  equidistant  from  this  dot. 

The  vertexes  of  /V  and  V  ^^y  be  made  slightly  less  than  one 
unit  wide,  but  should  not  be  wider  than  a  unit. 

V  Bisect  the  bottom  of  its  rectangle  by  the  dot  which  guides 
1  and  2.  Strokes  3  and  4  are  simply  parallel  to  1  and  2  and 
at  imit  distance  as  shown. 

Yl  Mark  off  the  proper  rectangle  by  adding  1}  stems  to  a 
square,  then  place  dots  on  the  lower  guide  about  2  imits  from 
the  width-lines,  and  a  bisecting  dot  at  the  top.  These  dots 
guide  the  auxiliary  strokes  1,  2,  3,  and  4  which  guide  the  out- 
lines. 

X  Place  dots  on  the  upper  guide  1}  imits  from  the  width- 
lines.  Strokes  1  and  2  join  these  dots  with  the  lower  comers 
as  shown.  Strokes  3  and  4  are  parallel  to  1  and  2  respectively 
and  at  imit  distances. 
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Plate  IV 
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Y  Find  the  center  of  its  rectangle  quickly  by  eye,  and  place 
a  dot  half  a  unit  below;  this  guides  1  and  2  (a  unit  apart),  and 
marks  their  upper  extremities.  Strokes  3  and  4  join  these 
upper  extremities  with  the  upper  corners  as  shown. 

D  Requires  no  special  instructions  except  to  say  that  it 
is  helpful  to  use  bisecting  dots  to  guide  the  curved  strokes. 
Thus,  a  dot  should  be  placed  midheight  on  the  right  width- 
line,  and  stroke  3  is  then  made  symmetrical  with  this  dot. 

U  The  outside  strokes  may  be  made  first  if  desired  instead 
of  following  the  order  given. 

J    Stroke  1  should  begin  2J  units  above  the  bottom. 

Plate  V 


B~M 


a 


m 


7% 


"^^Jr  X. 


P,  B;  ^nd  R  The  middle  horizontals  in  these  letters  are 
guided  by  first  placing  dots  at  midheight.  In  p  the  bar  is  a 
trifle  below  the  middle,  in  B  a  trifle  above,  while  in  R  it  may 
be  placed  in  the  middle. 

Oi  C>  Q  As  in  the  Roman  forms,  the  exteriors  of  the  curved 
letters  are  better  drawn  first,  in  some  such  manner  as  tshown 
before  the  interior  strokes  are  made.    Use  width-lines  and 
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bisecting  dots,  which  help  in  making  the  exterior  strokes  sym- 
metrical. 

Plate  VI 


G     Stroke  6  is  but  {  unit  below  the  center. 

S  One  method  of  making  the  strokes  is  given;  but  methods 
of  drawing  this  letter  vary  considerably  with  different  drafts- 
men. Stroke  3  should  begin  2  units  above  the  guide.  The 
middle  portion  of  the  letter  should  be  almost  horizontal. 

All  Gothic  curved  letters,  also,  should  extend  a  trifle  above 
and  below  the  guide-lines  to  cure  optical  defects. 

(g)  Inking  the  letters.  The  inking,  if  free-hand,  is  done 
with  a  writing-pen.  Among  the  pens  recommended  are  Gillott's 
303  and  404,  and  Leonard's  ball-pointed  pen.  The  student 
should  try  a  nimiber  of  different  styles  until  he  finds  one  that 
suits  him.  A  pen  will  work  better  after  it  has  been  "  broken  in" 
or  slightly  worn.  A  pen-holder  with  a  large  grip  is  the  best  for 
lettering. 

Begin  by  inking  the  pencil  outline,  taking  care  to  keep  the 
outside  edges  straight — if  the  inside  edges  are  ragged  it  does 
not  matter,  provided  the  space  between  outlines  is  to  be 
filled,  in  solid.  Keep  inside  of  the  pencil  lines.  In  filling  in, 
use  long  strokes.  After  a  letter  is  dry,  corners  may  be  made 
square  and  other  imperfections  touched  up,  although  very 
little  of  this  should  be  necessary.  Wipe  the  pen  frequently, 
and  do  not  overload  it  with  ink.  Keep  a  piece  of  paper  tacked 
to  the  board  to  try  the  pen  on  and  thus  start  the  even  flow  of 
ink.  Shields  are  useful  in  erasing  portions  of  letters  (p.  448). 
Keep  the  stopper  in  the  ink-bottle  to  exclude  dust,  to  prevent 
the  ink  from  deteriorating,  and  to  save  the  drawing  in  case 
the  bottle  is  upset. 
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When  the  extra  time  required  is  warranted,  the  outlines 
may  be  inked  with  ruling-pen  and  compasses.  Special  effort 
should  then  be  made  to  secure  clean-cut  comers  and  smooth 
curves. 

(h)  Common  defects.  (1)  The  beginner  ^most  always 
makes  Gothic  letters  too  heavy  and  clumsy.  The  letters  out- 
lined in  ink  seem  correct,  but  after  the  outlines  have  been  filled 
in  solid  black,  the  stems  are  too  thick.  This  is  because  the 
thickness  of  the  outlines  is  added  to  the  space  between  them. 
Avoid  clumsy  letters  by  making  stems  slightly  narrower  in 
pencil  than  seems  necessary.  (2)  Another  common  tendency 
is  to  make  stems  which  are  curved  or  inclined  thicker  than 
those  which  are  vertical  and  horizontal,  hence  such  letters  as 
Of  U;  M;  and  W  a^e  a-pt  to  be  too  heavy.  (3)  Great  care 
is  necessary  to  avoid  a  too  heavy  appearance  at  acute  angles, 
as,  for  example,  at  the  bottom  of  the  y,  and  at  the  junctions 
(top  and  bottom)  of  M,  N;  and  W- 

(t)  Spacing.*  Aim  to  space  the  letters  in  any  word  so  that 
the  same  area  of  white  paper  will  show  between  letters.  This 
is  the  first  and  most  important  rule,  but  it  does  not  mean  that 
letters  should  be  spaced  equal  distances  apart)  for  if  they  were, 
letters  like  L  and  A  which  do  not  entirely  fill  the  limiting  rect- 
angle will  often  appear  separated  from  other  letters.  Thus, 
for  example,  one  of  the  most  difficult  words  in  which  to  space 
letters  correctly  is  LAW-  Whenever  the  letter  L  is  adjacent 
to  a  letter  like  A  or  W  i*  Js  necessary  to  close  up  the  space,  and 
sometimes  to  shorten  slightly  the  horizontal  stem  of  the  L. 
Likewise  when  any  letter  which  does  not  fill  its  rectangle  occurs 
in  a  word  it  may  be  necessary  to  close  up  slightly  the  space 
on  either  side.  The  closer  letters  are  together,  the  more  this 
is  necessary.  When  the  space  between  letters  is  two  or  three 
times  the  width  of  a  single  letter  the  distances  between  the 
centers  of  letters  may  be  made  equal  without  offending  the 
eye. 

Ordinarily  the  space  between  two  words  should  be  at  least 
twice  as  great  as  the  normal  space  between  two  letters  When 
a  punctuation-mark  is  used  this  space  should  be  measured 
from  the  mark,   thus  increasing  slightly  the  space  between 


*  See  Sherman's  "Lettering,"  p.  10,  and  Wilson's  "t'ree-hand  Lettering,* 
p.  28. 
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words.    The  spaee  should  be  still  larger  if  the  punctuation- 
mark  is  a  period. 

In  lettering  tracings  it  is  often  best  to  sketch  the  outlines  on 
paper  first,  and  then,  by  shifting  the  paper  back  and  forth  un- 
derneath the  tracing,  to  correct  any  defects  in  the  spacing  of 
letters  or  words.  This  method  is  especially  useful  when  several 
lines  of  unequal  length  are  to  be  centered  with  respect  to  a  ver- 
tical axis  of  symmetry,  as  in  printing  titles.    (See  p.  524.) 

Remark.  Rules  for  proportioning  and  spacing  should  not  be  followed 
blindly.  They  are  intended,  chiefly,  to  guide  the  beginner  to  a  proper 
sense  of  harmony  in  lettering,  without  which  no  set  of  rules  is  of  much 
avail. 

540.  General  Suggestions  for  Lettering  Maps.     (1)  The 

general  arrangement  of  the  lettering  (Art.  534,  p.  504)  requires 
that  words  be  printed  from  left  to  right  or  ^ 
from  the  bottom  up  except  when  the  general 
direction  is  that  of  the  line  AB  in  Fig.  540. 
(2)  Aim  to  make  as  much  of  the  lettering  as 
possible  parallel  to  the  bottom  border-line, 
or,  if  this  is  impracticable,  parallel  to  the 
side  border-lines.  An  exception  is  the 
lettering  along  property  lines.  (3)  In 
^general,  words  should  be  in  straight  lines,  "^Fia,  640 
although  there  are  many  exceptions  as,  for 
example,  the  name  of  a  curved  street  or  of  a  winding  river. 
Words  greatly  extended  like  the  names  of  towns  are  often  in 
long  sweeping  curves.  When  a  word  is  on  a  ciurve  the  axes  of 
the  different  letters  should  be  radial  lines  unless  the  letters 
are  of  the  inclined  type.*  (4)  When  there  are  two  lines  of 
words  and  it  is  not  desired  to  center  them,  it  is  often  better  to 
start  the  second  line  so  that  it  will  extend  beyond  the  first. 
This  applies  especially  to  descriptive  matter  in  singlenstroke 
lettering  which  is  a  little  too  long  for  a  single  line.  (5)  Names 
or  descriptions  should  be  placed  in  such  a  position  that  there 
will  be  no  doubt  as  to  where  each  belongs,  either  between  the 
boundary-lines  of  an  object,  as  in  the  case  of  a  street  or  a  river, 
or  just  above,  as  in  the  case  of  a  narrow  stream,  or  to  just  the 
right  of  a  conventional  sign,  as  in  the  case  of  a  small  building. 
Avoid  a  crowded  appearance.  (6)  In  printing  values  of  angles 
never  omit  zeroes.    Thus  0°-08'  is  correct,  but  not  08'  or  8'. 

*  See  Sherman's  "Lettering,"  p.  11,  and  Reinhardt's"  Technic  of  Mechan^ 
ical  Drafting,"  p.  14. 


518  FINISHING  THE  MAP 

Likewise  in  linear  measurements  0.8  ft.  or  CS  is  correct,  but 
not  .8'.  (7)  There  is  danger  of  reading  angular  measurements 
for  linear  measurements,  or  vice  versa.  To  avoid  this  always 
place  a  dash  between  degrees  and  minutes.  Thus,  for  example, 
129°-4r  cannot  be  mistaken  for  129^.41  (feet).  (8)  Since  every 
line  has  two  bearings,  in  printing  the  bearing  along  any  line 
(especially  a  property  Hne)  it  is  well  to  draw  a  short  arrow  paral- 
lel to  that  line  and  pointing  toward  the  end  which  is  the  for- 
ward end  for  the  bearing  given.  (9)  Prominence  should  be 
given  to  lettering  according  to  the  importance  of  the  object 
described.  Prominence  may  be  gained  in  several  ways,  viz.: 
(1)  By  increasing  the  width  of  letters;  (2)  by  increasing  the 
weight;  (3)  by  increasing  the  height;  (4)  by  increasing  the 
spacing;  (5)  by  changing  the  style,  and  (6)  by  italicizing. 

541.  Contour-lines  are  usually  drawn  in  brown  ink  or 
burnt  sienna  water-color;  sometimes  red  ink  or  crimson-lake 
water-color  is  used,  and  occasionally  contours  are  represented 
by  broken  lines  in  black  ink  (short  dashes  close  together).  (2) 
Lines  should  be  of  luiiform  width,  just  heavy  enough  to  be 
distinct.  They  may  be  drawn  with  a  ruling-pen  or  a  contour 
pen,  but  usually  the  best  results  are  obtained  with  a  well-worn 
steel  pen,  such  as  Gillott's  No.  303,  applied  with  little  or  no 
pressure  to  yield  a  uniform  line.  (3)  Every  fifth  or  tenth  con- 
tour, counting  from  the  datum  plane,  should  be  a  little  heavier 
than  the  others  and  also  darker  in  color.  (4)  Each  accentuated 
contour  should  be  marked  with  its  elevation  above  or  below 
datum,  and  if  the  map  does  not  contain  at  least  two  such  con- 
tours then  every  contour-line  should  be  so  marked.  This 
contour  elevation  may  be  placed  just  above  the  line  or  in  a 
break  left  for  that  purpose.  The  elevations  should  not  be 
scattered  haphazard,  but  should  be  placed  nearly  under  each 
other,  or,  better  still,  along  a  line  normal  to  the  contours  (usually 
a  winding  line).  Where  the  figures  are  to  be  inserted  in  breaks, 
before  inking  draw  tvx)  parallel  guide-lines  in  pencil,  about  J 
in.  apart  and  normal  to  the  contours;  when  inking  the  accen- 
tuated contours  stop  each  one  at  these  guide-lines  to  give  a 
uniform  appearance  to  the  breaks.  Elevations  may  be  marked 
in  the  color  used  for  the  contour-lines,  and  they  should  be 
repeated  in  different  parts  of  the  map  wherever  necessary, 
especially  where  contours  change  direction  abruptly.  Aim  to 
place  them  where  the^  will  be  of  the  greatest  help  in  ascertain- 
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ing  the  elevation  of  any  contour  on  the  map  without  delay  or 
mental  confusion.  (5)  Contour-lines  should  not  be  drawn 
across  buildings,  roads,  or  streams,  and  they  should  be  turned 
slightly  up  hill  just  before  ending  at  the  edges  of  roads  or  banks 
of  streams.  (If  a  road  is  in  "  fill,"  the  contour  lines  turn  down 
hill.)  (6)  Intermediate  contours,  represented  by  broken  lines, 
are  sometimes  inserted  to  show  the  outline  of  some  feature  of 
the  surface  not  shown  by  contours  at  the  regular  interval,  such, 
for  example,  as  a  summit  of  a  hill  or  the  bottom  of  a  depression. 
(7)  Common  mistakes,  such  as  drawing  contours  of  different 
elevations  across  each  other,  or  merging  contours  of  the  same 
elevation,  may  be  avoided  by  remembering  the  fundamental 
principles  on  page  338. 

Remark.  In  small-scale  topographic  maps  hills  and  mountains  are 
sometimes  shown  by  "hatching''  or  short  disconnected  lines.  See  Rein- 
hardt's  "Technic  of  Mechanical  Drafting,"  p.  37,  or  Gillespie,  Vol.  II,  p.  360, 
or  Wilson's  "Topographic  Surveying,"  p.  462. 

542.  Conventional  Signs.  On  page  520  are  shown  some 
of  the  conventional  signs  used  on  ordinary  maps,  and  on  page 
521  are  some  of  those  used  on  topographic  maps.  Most  of 
these  conventional  signs  may  be  considered  standard,  though 
some  of  them,  especially  those  pertaining  to  fences,  are  subject 
to  more  or  less  variation.*  A  common  fault  is  to  make  con- 
ventional signs  too  prominent  by  drawing  them  too  large  and 
heavy.  Ordinarily,  very  light  strokes  should  be  used  for  trees 
and  grass,  and  ruled  lines,  such  as  those  for  marshes  and  culti- 
vated land,  should  be  drawn  almost  as  fine  as  the  pen  will  work. 
Conventional  tints  are  sometimes  used  in  connection  with 
conventional  signs  (see  p.  525). 

(o)  Suggestions.  (1)  Instead  of  using  conventional  signs  for  fences  it  is 
quicker  and  often  better  to  draw  full  lines  or  broken  lines  as  preferred,  and 
tnen  to  mark  the  character  of  the  fence  along  each  line.  (2)  Small  water- 
courses, where  indicated  by  a  single  line,  should  be  drawn  toward  the 
source  so  as  to  end  there  with  as  finely  tapering  stroke  as  possible.  Aim 
to  produce  a  wavy  effect  as  shown  in  the  right-hand  side  of  Fig.  542  (6), 
avoiding  the  fiat  meaningless  style  of  line  shown  in  the  left-hand  side  of 
the  same  figure.  (3)  Outline  shading  (see  page  606)  may  be  used  to  ad- 
vantage as  shown  in  the  conventional  sign  for  a  bridge,  page  520.  (4)  TTie 
tufts  of  grass  in  "meadow-land,"  page  521,  should  begin  and  end  in  short 
light  strokes  of  the  pen,  the  lines  radiating  from  a  common  center  some 
distance  below. 

♦  This  variation  is  evident  from  the  replies  to  letters  of  inquiry  addressed 
to  city  engineers  all  over  the  country.  For  example,  many  engineers 
employ  a  broken  line  to  represent  a  property  line  not  fenced,  although 
the  majority  of  the  replies  favored  a  fine  full  line. 
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FENCES 


Stone  Wall 

Hedge 

Property  Line,  not  fenced 
Street  Line. 


<i4Q(t09'^  h&'S^/^  /j'/ji.^ii) 


LINES  OF  COMMUNICATION 


Path 

Wagon  Road 

B.R.  Bingle  track 

R.R.  double 


iiiiiimiiiHiiiiiiiiiiiniimiiiiii 


R.R.,  each  track,  large  scale. 

Street  R.R 
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Bridge- 


Tunnel. 


Stream  „ 


BUILDINGS 


T7I 


Pramed  House  Masonry  House  Barn  or  Shed 

SURVEY  POINTS 


Triangalatlon  Station. 
Stadia !i 


..A 


„Q 


Ordinary 
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Meadow  Land 
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(6)  Water-lining  when  well  done  adds  much  to  the  general 
appearance  of  a  map,  but  when  poorly  done  it  is  very  offensive 
to  the  eye.  The  beginner  is  inclined  to  draw  water-lines  too 
hurriedly.  Thus  the  effect  in  the  left-hand  side  of  Fig.  542  (6)  is 
that  of  work  carelessly  done.  In  the  right-hand  side,  on  the 
contrary,  every  bend  and  irregularity  of  the  shore-line  was 
carefully  followed.  The  shore-line  is  made  heavy,  and  the 
first  water-line  drawn  as  close  to  it  as  practicable.  The  spaces 
between  the  water-lines  gradually  widen,  and  the  little  irregu- 
larities grow  less  and  less  pronoimced.  From  six  to  ten  lines 
will  usually  suffice;    those  farthest  from  shore  should  be  drawn 


Fig.  542  (6). 


very  lightly.  Prussian  blue  is  often  used  for  water-lines,  even 
on  maps  where  everything  else  is  drawn  in  black.  This  does 
not  apply  to  tracings,  for  blue  lines  practically  disappear  in 
making  process  prints. 

543*  Section-lining.  The  outline  of  a  building  on  a  map  of 
large  scale  is  frequently  emphasized  by  section-lines,  while  on 
smallnscale  maps  the  outline  is  filled  in  solid  black.  Suggestions 
for  section-lining  are  given  on  page  449.  Leave  open  spaces 
for  words  and  dimensions,  so  that  they  will  not  be  obscured 
by  section-lines  drawn  over  them. 

544,  Tinting.  General  directions  for  tinting  are  given  on 
page  449.  Additional  suggestions  are:  (1)  Either  tint  before 
inking  or  use  water-proof  ink.  (Note,  p.  504.)  (2)  The  tendency 
is  to  use  too  vivid  tints.  The  beginner  will  do  well  to  mix  his 
tint  to  what  seems  a  desirable  shade,  and  then  to  dilute  about 
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half.  (3)  Tinting  on  ordinary  maps  is  usually  confined  to 
filling  in  outlines  of  buildings  and  other  structm-es.  Occasionally 
roads  and  streams  or  bodies  of  water  are  also  tinted. 


(a)  Conventional  Tints* 

Buxldinga.  If  of  wood,  sepia;  for  masonry,  crimson  lake.  The  outlines 
of  wooden  buildings  are  ^awn  and  shaded  with  India-ink;  outlines  of 
masonry  with  a  very  strong  tint  of  crimson  lake.  To  distinguish  brick 
from  stone,  make  the  outlines  of  the  latter  heavier  or  else  use  Payne's  Gray 
for  stone  and  light  red  for  brick. 

Roads.  The  pencil  outlines  are  filled  with  a  flat  tint  of  yellow  ochre, 
the  edges  being  subsequently  drawn  in  India  ink. 

Bridges.  The  outline  is  filled  with  yellow  ochre,  and  the  same  distinction 
as  to  wood  and  masonry  is  observed  as  in  buildings. 

Fences  are  represented  with  India  ink  as  in  pea  drawings  (p.  520);  atone 
walls  by  their  outlines  fiUed  with  crimson  lake. 

Water.  Prussian  blue,  a  flat  tint.  If  a  lower  tone  is  desired  for  the 
map  use  indigo  instead  of  Prussian  blue.  The  surface  is  also  outlined 
with  a  strongblue. 

Remark.  There  are  a  number  of  conventional  tints  used  on  elaborate 
topographic  maps  to  represent  trees,  marshes,  cultivated  land,  sand,  rocks, 
etc.  For  these  colors  and  for  a  more  comprehensive  treatise  on  tinting  the 
student  is  referred  to  a  chapter  on  "Topographical  Drawing  in  Color." 
in  Lieut.  Reed's  book.  It  takes  much  practice  to  do  this  kmd  of  work, 
and  it  is  better  to  leave  a  map  imtinted  than  to  produce  crude  effects  in 
gaudy  colors.  The  student  can  easily  learn,  however,  to  lay  on  the  flat 
tints  given  above. 

545.  Border-lines.  (1)  Avoid  elaborate  border-lines.  A 
single  heavy  line  or  a  heavy  line  and  a  light  line  close  together 
will  suffice.  Avoid  fancy  designs  at  the  comers.  (2)  In  draw- 
ing the  border,  keep  in  mind  the  size  of  the  blue-print  frame 
and  other  requirements  (p.  504).  (3)  The  heaviest  line  for  a 
border  should  rarely  exceed  ^  inch,  and  if  there  are  two  lines 
the  space  between  may  be  about  the  width  of  the  heavier 
line.  (4)  Follow  the  directions  on  page  447  for  drawing  heavy 
lines.  For  a  width  of  ^  inch,  this  means  drawing  two  outside 
lines  and  filling  in  between  with  a  third. 

546.  Titles.t  The  title  is  usually  printed  after  all  the  other 
lettering  on  the  map  is  finished.  The  best  place  for  it  is  in  the 
lower  right-hand  comer  unless  it  is  desired  to  fill  up  some  vacant 
space  elsewhere  (p.  505).  The  size  of  the  rectangle  within  which 
the  title  is  inscribed  should  be  in  proportion  to  the  size  of  the 


*  Prom  J 'Topographical  Drawing  jtnd  Sketching,"  by  Lieut.  Henry  A. 

n's  "  Free-hand  Letter- 


Reed,  U.  S.  Army.     (John  Wiley  &  Sons.) 

t  See  Sherman's  "Lettering,     p.  37,  and  Wilsoi 


mg,"  p. 
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sheet  (see  step  (4),  p.  525),  and  the  size  of  the  largest  letters 
depends  to  some  extent  upon  the  scale  used  for  the  map  (see 
p.  509).  The  general  arrangement  of  the  title  should  oonform 
to  the  space  available.  The  first  consideration  in  designing  a 
title  is  SIMPLICITY.  Ornate  letters,  scrolls,  and  flourishes  are  to 
be  avoided.  The  subject-matter  is  usually  arranged  in  several 
horizontal  lines,  words  which  are  closely  related  being  put  in 
the  same  line.  The  most  important  words  in  a  title  should 
catch  the  eye  first.  Prominence  may  be^gained  in  several  ways 
(see  p.  518).  The  lines  should  be  centered,  i.e.,  each  line  made 
to  extend  equal  distances  each  side  of  a  conmion  vertical  line. 
Sometimes  lines  are  arranged  in  curves,  but  this  is  to  be  avoided 
unless  necessary  to  save  space.  The  spaces  in  the  clear  between 
lines  may  vary,  although  often  they  are  made  nearly  equal.  If 
too  much  space  is  left  above  and  below  a  line  of  small  lettering 
this  line  will  appear  separated  from  the  rest  of  the  title.  Avoid 
making  two  lines  of  the  same  length.  The  fewer  styles  of 
lettering  used  the  neater  will  be  the  title.  The  tendency  to 
use  a  different  style  of  letter  for  each  line  is  bad,  for  it  gives  the 
impression  that  the  draftsman  is  trying  to  show  what  he  can 
do.  Capital  letters  are  used  almost  exclusively,  lower-case 
letters  seldom  appearing  in  well-designed  titles.  It  is  probably 
better  to  incline  all  the  letters  or  to  make  them  all  upright  than 
to  have  inclined  letters  in  one  line  and  upright  letters  in  another. 
Single-stroke  lettering  may  be  used  for  unimportant  words 
where  letters  are  comparatively  small.  Very  effective  titles 
can  be  drawn  free-hand,  and  instruments  diould  be  used  only 
when  the  extra  time  required  is  warranted.  The  mere  fact  that 
instruments  were  used  in  drawing  a  title  leads  one  to  expect 
superior  results,  while  slight  imperfections  may  be  overlooked 
in  a  free-hand  title.  All  parts  of  a  title  should  be  finiidied  with 
equal  care — even  the  smallest  lettering  should  be  done  as 
carefully  as  the  largest.  It  is  also  inconsistent  to  take  more 
pains  with  the  letters  in  a  title  than  with  the  other  letters  on 
the  map.    It  is  best  not  to  abbreviate  any  word  in  a  title. 

Titles  for  tracings  may  be  penciled  on  a  small  sheet  of  paper 
wUhout  attempting  to  center  the  different  lines,  and  then  Iqr  shift- 
ing this  paper  back  and  forth  under  the  tracing-cloth  each  line 
can  be  oeniered  with  re^>ect  to  a  vertical  axis  of  symmetiy. 

It  takes  considerable  time  to  execute  a  good  title,  and  to 
save  time  and  expense  various  mechanical  devices  afe  some* 
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times  used,  such  as  a  stamping  outfit  or  a  small  printlrig- 
press.* 

fci)  What  should  appear  in  a  title  of  a  map.  (1)  The  name 
or  description  of  the  tract  or  object  represented,  or  its  owner's 
name.  (2)  The  location — town  or  city,  county,  state.  (3) 
Scale.     (4)  Date  of  survey.     (5)  Name  of  surveyor. 

If  a  map  is  made  for  a  special  purpose  this  should  be  stated, 
as,  for  example,  peoposed  location  of  a  hiqhway,  or  plan 

OF  BUILDINQ-LOTS,  etC. 

(b)  Method  of  procedure  in  constructing  a  title.  (1)  Write  out  th«  title, 
separating  the  subject-matter  into  lines;  it  is  well  to  give  such  cofinfctives 
AS  "of  the"  and  "in  the"  separate  lines. 

(2)  Number  the  lines  in  the  order  of  their  importance.  Usually  the 
name  or  description  of  the  tract  which  the  map  represents  is  (he  most 
prominent.     The  connectives  should  be  the  least  prominent. 

(3)  Choose  the  style  of  letters.  Heavy  Gothic  capitals  are  recom- 
mevided  for  the  most  prominent  words,  and  single-stroke  capitals  of  the 
same  style  for  the  least  prominent;  the  difference  in  prominence  of  words 
between  these  two  extremes  may  be  efifected  by  varying  the  heights  of 
letters  or  in  other  ways  (p.  518). 

(4)  Decide  upon  the  place  of  the  title  and  upon  the  approximate  sise 
of  the  limiting  rectangle  within  which  it  should  be  drawn.  The  fnaximum 
dimensions  for  this  rectangle  suggested  by  Professor  Sherman  are:  Length  "i 
length  of  longest  bord^-linee  of  the  mi4>;  hei|^t  =  ^  length  of  shortest 
border-lines.  Frequently  the  limiting  rectangle  should  be  made  .smaller 
than  these  proportions  allow.  The  tendency  is  to  make  titles  too  large 
fUad  conspicuous. 

(5)  Decide  upon  the  height  of  the  largest  letters  (p.  509)  and  draw 
top  and  bottom  guide-lines  for  the  most  prominent  line  of  letteriag.  Draw 
also  a  vttiiical  line  to  serve  as  an  axis  of  symmetry. 

(6)  Block  out  roughly  the  letters  for  the  most  prominent  line.  If  the 
position  of  the  limiting  rectangle  for  the  title  is  not  definitely  fixed  the 
vertical  axis  of  symmetry  may  oe  drawn  through  the  middle  point  of  this 
fine  after  the  letters  are  completed.  When,  however,  the  position  of  the 
axis  of  symmetry  is  fixed  any  line  of  lettering  may  be  centered  as  follows: 
Write  out  the  hne  on  another  piece  of  paper,  and  place  over  each  letter  the 
number  of  units  to  allow  for  its  width  (p.  510).  Estimate  roughly  the 
number  of  units  to  allow  for  spaces  between  letters  and  between  words, 
keeping  in  mind  that  letters  are  not  placed  equal  distances  apart  (p.  516). 
From  half  the  sum  of  all  the  units  find  which  letter  is  nearest  the  middle 
point.  Beginning  with  this  letter  at  the  proper  distance  from  the  axis  of 
symmetry  block  out  the  letters  in  the  last  half  of  the  line.  This  gives  the 
distance  from  the  axis  of  symmetry  to  the  end  of  the  line;  begin  at  an 
equal  distance  to  the  left  of  the  axis  and  block  out  the  letters  in  the  first 
half  of  the  line.  If  the  letters  are  not  properly  spaced  in  this  first  trial 
usually  only  a  few  letters  near  the  center  need  to  oe  changed, — the  chief 
adrantage  m  lettering  one-half  the  row  at  a  time, 

Ii  the  title  is  to  be  drawn  on  tracing-cloth  the  different  lines  can  be 
centi^ed  by  shifting  the  paper  as  explained  above.  Conversely  some- 
times a  title  can  be  drawn  on  a  small  piece  of  tracing-paper  without  attempti 
ing  to  center  the  lines,  and  then  transferred  to  the  paper  on  which  the  map 
is  drawn  (p.  500),  each  line  being  centered  by  shifting  the  tracmg-^^aper. 

(7)  Having  penciled  the  most  prominent  line,  block  out  the  other  lines 
in  the  same  way.  Before  inking  examine  the  title  as  a  whole  to  see  if 
it  is  well  balanced.  If  the  inking  is  done  free-hand  follow  the  directions 
on  page  515. 


*  See  Engineering  Ntipe,  Nov.  3.  1904,  p,  405, 
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547.  Meridian  Needles.    Simple  arrows  like  those  in  Fig. 
547  are   best.    Avoid  elaborate  needles  and  compass-points. 
As  with  border-lines  and  titles,  sim- 
iOT^'  plicity  should  be  the  first  aim.    The 

\  cAo  *^^  north  is  usually  represented  by 
\  IX^  a  full  arrow-head  and  the  magnetic 
I  ^  north  by  a  half  arrow-head.  The 
\  direction  of  one  of  these  arrows  is 

1  found  either  from  the  meridian  used 

1  in  plotting  the  map  or  from  some  line 

1  of  known  bearing.    If  magnetic  bear- 

1  ings  were  used,  plot  the  axis  of  the 

1  magnetic  needle  and  then  lay  off  the 

1  declination  to   find  the   axis  of  the 

J^         other  needle,  and  contrariwise  if  true 
^m         bearings  were  used,  find  the  axis  of 
1        the  true  needle  first.     On  many  maps 
■        nothing   is   gained    by    showing    the 
1       magnetic  meridian  (see  remark  p.  502), 
»      but  if  it  is  shown  at  all,  the  magnetic 
»     declination  should  be  given  in  figures 
■    marked   along  the  arrow  or  between 
\  the  two  arrows  as  in  Fig.  547.    The 
,  ^"f     1  ^^^<i^6  should  be  of  such  length  that 

\       K )     \  ^^'^     direction     can     be     transferred 
^  )  accurately  to  other  parts  of  the  map 

—usually  about  4  or  5  in.  long. 
The  arrow-head  and  the  feather-end 
should  both  be  drawn  with  care,  slim 
and  graceful — the  tendency  is  to  make  them  too  clumsy.  The 
needle  may  be  placed  near  the  title  or  in  a  vacant  space  near 
the  top  of  the  map. 

548.  Scales.  The  scale  of  a  map  is  usually  given  in  figurcs 
as,  for  example,  "Scale:  1  inch =40  feet"  or  ''Scale:  rahnf-'* 
Frequently  in  addition  a  small  portion  of  a  scale  is  drawn  as 
illustrated  in  Fig.  548.  This  is  most  necessary  for  maps  that 
are  to  be  reproduced  by  photo-reproduction  or  by  other  pro- 
cesses which  change  the  scale,  otherwise  it  would  be  difiBcult 
to  scale  the  reproduction.  Such  a  scale  also  indicates  the 
shrinkage  or  expansion  in  maps  and  blue-prints,  but  if  designed 
for  this  purpose  it  should  be  long  enough  to  show  the  change — 


FiQ.  647. 
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say  6  inches.     Distances  scaled  from  tracings  and  blue-prints 
are  most  unreliable  no  matter  what  method  is  used. 

.  Scale;  1  incb=40  Feet  , 

t 1 1 I I I I I I         I        I 

0  20  40  60  80  100 


Scale;  1  inch*200  Feet 
60      100  200  800  4(J0  600 


Scale:  ^20000 

100        600         0  1000  2000  8000 

Fig.  648 

549.  Keys  or  Legends.  Where  conventional  signs  are  used 
it  is  customary  to  draw  a  key  near  the  title  explaining  the  signs. 
This  is  especially  necessary  when  the  signs  are  not  those  com- 
monly employed. 

550.  Explanatory  Notes.  Maps,  like  field  notes,  should 
be  self-explaining.  Anything  not  clear  from  the  drawing  or 
the  dimensions  should  be  made  so  by  explanatory  notes.  The 
general  directions  in  Art.  37,  page  23,  hold  good.  Notes  giving 
general  information  concerning  the  map,  such,  for  example,  aa 
the  datum  used  in  a  topographic  survey,  may  be  placed  near  the 
title.  Occasionally  notes  should  indicate  the  extent  to  which 
measurements  may  be  depended  upon  by  giving  the  instruments 
used  in  the  survey,  the  limits  of  error  adopted,  and  similar  in- 
formation bearing  on  the  accuracy  of  the  work. 

551.  Cleaning  Maps.  Use  a  soft  eraser  for  removing  pencil 
lines,  and  a  sponge  eraser  or  breaL-crumbs  for  taking  off  dirt. 
For  tracings  use  gasoUne  or  benzine.     (See  p.  452.) 

552.  Surveyor's  Certificate.  In  filing  maps  for  record  the 
surveyor  may  be  required  to  furnish  a  certificate,  the  exact  form 
of  which  will  of  course  vary.     One  form  is  as  follows: 

(City  or  Town,'  State,' Date) 
I  hereby  certify  that  the  plot  hereon  delineated  is  a  correct  one  and  that 

permanent  monuments,  consisting  of   ,  have 

(Description  of  the  monuments) 
been  set  at  points  marked  monument  as  thereon  shown  at  all  angles  in 
the  boundaries  of  the  land  plotted,  and  at  all  intersections  of  streets  and 

Surveyor, 

(Signature) 
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Another  form  sometimes  furnished  a  client  but  not  intended 
for  public  record  is  as  follows: 

(City  or  Town,  State,  Date) 

Thit  it  to  certify  tljat  I  have  this  date  made  a  survey  of , 

(Description  of  tract  surveyed) 
and  have  plotted  the  lines  theieof  on  the  accompanying  map,  which  to  the 
best  of  my  knowledge  and  belief  is  correct. 

Surveyor. 

(Signature) 

553,  Filing  Systems.  Although  it  is  not  within  the  province 
of  this  book  to  explain  the  various  systems  of  filing  and  indexing 
drawings  and  note-books,  no  discussion  of  office  work  would 
be  complete  without  reference  to  this  important  subject.  To 
one  who  desires  to  look  up  some  of  the  systems  which  have 
stood  the  test  of  every-day  use  the  following  references  may 
prove  of  value; 

"En^eering  Work  in  Towns  and  Small  Cities,"  by  Ernest  McCulloug^ 
(Technical  Book  Agency,  Chicago),  contains  two  very  complete  chapters 
on  "Office  Systems     and  "City  Engineers'  Records." 

Proceedings  of  the  Connedicvi  Society  of  Civil  Engineere  for  1901.  A 
description  of  the  excellent  system  used  in  the  city  engineer's  office  of 
Hartford,  Connecticut. 

Engineerino  News,  Sept.  5,  1901,  Jan.  2,  1902,  and  April  23,  1903,  several 
articlea  on  different  systems  in  qse  by  railroad  and  city  engineers. 


CHAPTER  XLin 


PROFILES 


In  this  chapter  are  given  the  few  directions  and  euggettioni  neoewry 
for  plotting  and  finishing  profiles. 


554.  Profile,  (a)  Suppose  that  in  Fig.  654  (a)  A,  B,  C,  and 
D,  representing  four  points  in  a  str;aight  line  on  the  ground, 
were  plotted  to  a  given  horizontal  scale.  Let  the  points  a,  b,  c, 
and  d  be  obtained  by  laying  off  A'a,  B'6,  Cc,  and  I/d  equal, 
respectively,  to  the  elevations  of  A,  B,  C,  and  D  above  a  given 
datum.  If  the  vertical  scale  used  in  laying  off  these  elevations 
is  the  same  as  the  horizontal  scale  used  in  plotting  A,  B,  C,  and 
D  the  line  abed  is  a  true  profile,  bounding  a  true  vertical  section 
through  the  given  line,  and  showing  the  rise  and  fall  of  the  groimd. 

(6)  As  the  rise  and  fall  of  the  ground  between  two  points  is 
usually  very  small  in  proportion  to  the  distance  between  those 
points,  it  is  customary  in  plotting  profiles  to  use  a  much  greater 
scale  for  laying  off  elevations  than  for  plotting  horizontal 
distances,  in  order  to  make  the  irregularities  of  the  surface  more 
apparent  to  the  eye,  and  to  render  subsequent  use  of  the  profile 
easier  and  more  accurate. 


Fio.  654  (&) 


Suppose  that  in  Fig.  554  (a)  the  vertical  scale  is  ten  times  as 
large  as  the  horizontal.    The  line  abed  is  still  called  a  profile, 
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though  it  is  no  longer  a  true  profile,  and  the  section  which  it 

bounds  is  no  longer  a  true  section. 

(c)  Frequently  in  practice  the  line  leveled  over  is  not  straight, 

but  consists  of  a  series  of  connected  straight  lines,  as,  for  example, 

a  traverse  line.     In  Fig.  554  (6)  EFGH  is  the  plan  of  a  traverse 

line,  and  efgh  is  the  corresponding  profile  in  which  the  vertical 

scale  is  larger  than  the  horizontal.    The  distances  E'F',  F'G', 

and  G'H'  are  equal  respectively  to  EF,  FG,  and  GH,  but  F'G' 

and  H'  cannot  be  obtained  by  projecting  from  F,  G,  and  H 

respectively.    In  Fig.  554  (o),  on  the  contrary.  A',  B',  C,  and  ly 

were  projected  from  A,  B,  C,  and  D  respectively.    Hence  in 

Fig.  554  (a)  abed  represents  a  profile  cut  by  one  vertical  plane, 

while  in  Fig.  554  (6)  efgh  represents  a  profile  cut  by  a  series  of 

vertical  planes,  each  of  which  passes  through  two  stations  at 

consecutive  bends  of  the  traverse  line. 

id)  Remark.     A  profile  is  apt  to  be  very  misleading  to  persons  on- 
accustomed  to  the  methods  of  plotting.     Unlike  a  map  a  profile  seldom 
oints   projected   on    the   same   plane.     Moreover,    when   the 


vertical  scale  is  much  greater  than  the  horizontf^  scale,  slopes  are  greatly 
exaggerated,  and  the  surface  of  the  ground  appears  to  be  much  more 
irregular  than  it  reallv  is.  Likewise  all  objects  such  as  manholes,  culvcurts, 
rivers,  roads,  etc.,  which  the  profile  crosses  are  shown  distorted.  It  is  a 
common  experience  among  engineers  to  receive  protests  against  a  proposed 
grade  because  on  the  profile  it  appears  to  be  too  steep. 

555.  Profile-papers.  Occasionally  a  profile  is  plotted  on 
the  same  sheet  with  the  map,  but  more  often  special  paper  is 
used  upon  which  horizontal  and  vertical  lines  have  been  printed 
so  that  points  may  be  plotted  without  the  use  of  a  scale.  There 
are  three  standard  styles  of  profile-papers,  distinguished  by  the 
letters  A,  B,  and  C  according  to  the  number  of  lines  or  spaces 
to  the  inch.  Vertical  lines  on  A  profile-paper  are  J  in.  apart, 
and  horizontal  lines  are  jf^  in.  apart,  or  4  by  20  spaces  to  the 
inch.  B  profile-paper  has  4  by  30  and  C  paper  5  by  25  spaces 
to  the  inch.  These  rulings  are  also  furnished  on  tracing-paper 
and  tracing-cloth.  Cross-section  paper  10  by  10  to  the  inch 
IS  sometimes  used  for  plotting  profiles. 

Every  tenth  vertical  line  and  every  fifth  horizontal  line  on 
profile-papers  are  usually  accentuated  for  convenience  in  read- 
ing. The  rulings  are  not  always  exactly  correct,  but  usually 
the  errors  are  so  small  that  they  may  be  ignored  in  plotting 
ordinary  profiles,  especially  as  the  relative  elevations  are  read 
directly  from  the  paper  and  not  by  scaling  the  drawing. 

556*  Scale.  When  a  profile  is  to  be  used  in  connection  with 
a  map  it  is  often  desirable  to  have  the  horizontal  scale  the  same 
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afi  that  used  for  the  map;  sometimes,  however,  a  larger  scale 
is  required.  The  vertical  scale  is  usually  exaggerated  to  at 
least  five  times  the  horizontal  scale  and  often  more,  depending 
upon  how  close  it  is  desired  to  read  elevations.  For  city  work 
such  as  laying  out  street  grades  or  showing  sewers  common 
scales  are  40  or  50  ft.  to  the  inch  (horizontal)  and  6  or  10  ft. 
to  the  inch  (vertical).  When  it  is  desired  to  show  a  longer 
distance  on  a  sheet  of  given  length  the  horizontal  scale  may  be 
reduced  to  1  in.  =  80  or  100  ft.,  and  the  vertical  scale  kept  the 
same  (1  in.«6  or  10  ft.).  Common  scales  for  railroad  profiles 
are  1  in.  =  400  ft.  (horizontal)  and  1  in.  ==30  ft.  (vertical).  The 
followiilg  are  some  of  the  most  convenient  combinations  of 
papers  and  scales. 

Smallest  Space  Smallest  Space 

Hor.  Scale                Vert.  Scale    Paper-       between  V  between  H 

Lines  Lines 

(o)    1  in.-  40  ft.        1  in.-  6  ft.       B         10  ft.  distance  0.2  ft.  elev. 

(6)    1  in.-   50ft.         lin.-lOft.        C          10  ft.        *'  0.4  ft.     " 

(cj     1  in. -100  ft.         1  in. -10  ft.        A          25  ft.        **  0.5  ft.     ** 

(d)    1  in. -100  ft.         1  in. -6  ft.        B         25  ft.        **  0.2  ft.    •* 

(«)    lin.-400ft.         lin.-30ft.        B       100  ft.       **  1.0  ft.    ** 

There  are,  of  course,  a  number  of  other  combinations.  It 
is  desirable  to  so  choose  the  paper  and  scale  that  the  smallest 
space  between  vertical  lines  will  represent  some  multiple  of  5  ft., 
while  the  smallest  space  between  horizontal  hues  will  represent 
some  multiple  or  decimal  part  of  one  foot.  It  is  also  an  advan- 
tage to  have  each  accentuated  line  stand  for  a  multiple  of  5  or 
10.  Thus  in  combination  (e)  above  the  smallest  space  between 
vertical  lines  equals  a  100-ft.  station,  and  every  tenth  station 
falls  on  an  accentuated  vertical  hne,  while  the  smallest  space 
between  horizontal  lines  represents  1  ft.  in  elevation,  and  every 
fifth  foot  falls  on  an  accentuated  horizontal  hne. 

557. Working  Up  Notes.  When  the  level  notes  are  brought 
in  from  the  field  the  elevations  are  not  usually  worked  out.  In 
working  out  elevations  the  computations  should  be  checked 
for  the  elevations  on  each  page  as  the  work  progresses  by  the 
method  explained  on  page  242.  This  is  not  a  check,  however, 
:>n  the  elevations  of  intermediate  stations,  and  in  some  cases  it 
may  be  well  to  work  the  notes  up  by  the  method  of  303  (e), 
J)age  241  (Form  D).  The  arrangement  in  Form  F,  page  256, 
is  very  convenient  in  plotting  profiles,  since  the  only  two  columns 
needed  (El.  and  Sta.)  are  side  by  side. 
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558,  PloUiiig  Profiles— General  Method  of  Procedure 

(1)  Choose  the  combination  of  paper  and  scale  best  suited  to 
the  purpose  (p.  531),  and  pin  the  paper  to  the  board;  it  is 
slightly  more  cojivenient  in  finishing  the  profile  to  have  the 
horizontal  lines  true  with  the  T  square,  though  this  is  not  of 
much  advantage  in  plotting.  (2)  Glance  through  the  hvd 
notes  to  ascertain  the  elevations  of  the  highest  and  lowest 
points.  (3)  Select  one  of  the  accentuated  horizontal  lines  for 
a  base-line  or  datum  line.  Its  position  should  be  such  that 
the  highest  and  lowest  points  of  the  profile  will  fall  on  the  paper. 
If  there  are  no  points  below  this  line  it  should  still  be  taken 
three  or  four  ii^ches  from  the  lower  edge  of  the  paper  to  allow 
room  for  lettering.  It  may  be  necessary  to  assume  the  eleva- 
tion of  this  base-line  as  some  whole  number  of  feet  above  or 
below  datum  in  order  to  get  the  profile  on  the  paper.  For 
example,  if  the  highest  elevation  is,  say,  128  ft.  and  the  lowest 
is  above  100  ft.,  the  elevation  of  the  base-line  may  be  assumed 
as  100  ft.  (4)  The  profile  should  begin  near  the  left-hand  edge 
of  the  paper  and  extend  towards  the  right.  If  100-ft.  stations 
are  used,  assume  Sta.  0  on  one  of  the  accentuated  vertical  lines, 
or,  if  the  profile  begins  at  some  station  remote  from  zero,  assume 
instead  a  station  whose  number  is  some  multiple  of  10.  For 
example,  if  the  profile  begins  at  48  +  21  assume  Sta.  50  on  an 
accentuated  vertical  line  near  the  left-hand  edge.  Similarly 
for  other  horizontal  scales  aim  to  have  the  accentuated  vertical 
lines  stand  for  some  multiple  of  ten.  (5)  Along  the  lower  edge 
of  the  paper  number  the  accentuated  vertical  lines  to  correspond 
to  distances,  and  along  the  left-hand  edge  number  the  accentuated 
horizontal  lines  to  correspond  to  elevations.  (6)  Plot  each  point 
on  the  profile  by  finding,  first,  its  position  with  respect  to  the 
nearest  vertical  line,  and  then  running  up  this  line  until  the 
horizontal  line  is  reached  which  corresponds  to  its  elevation.  It 
is  well  to  connect  the  points  as  fast  as  they  are  found  by  straight 
lines  drawn  lightly  in  pencil,  free-hand.  (7)  Check  points  by 
reading  their  elevations  directly  from  the  profile  to  see  if  they 
agree  with  those  in  the  level  notes.  Do  not  check  a  point  by 
reading  from  the  level  notes  first  and  then  looking  at  the  pro- 
file, for  if  a  mistake  was  made  in  plotting,  the  mind  is  liable  to 
repeat  it. 

(a)  SiLggeations.     Two  men  can  work  to  advantage — one  reads  the  not«§ 
while  the  other  does  the  plotting.     In  checking  they  change  places,  the  man 
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who  did  the  reading  caljs  off  elevations  directly  from  the  profile,  white  the 
man  who  did  the  plottme  sees  if  they  agree  with  the  noted.  (2)  Use  a 
fine  pencil-point  or  needle-point  for  marking  points.  (3)  When  the 
profile  is  about  to  run  off  the  top  or  bottom  of  the  paper  it  may  be  stopped 
(pr^erably  at  some  accentuated  vertical  line),  and  then  continued  b^ 
beginning  some  whole  number  of  feet  below  or  above  the  point  where  it 
was  broken  off.  The  amount  that  the  Une  is  thus  lowered  or  raised  should 
be  some  multiple  of  the  interval  between  two  accentuated  horizontal 
lines,  and  the  horizontal  lines  from  tne  break  on  should  be  renumbered 
accordingly.  (4)  Turning-points,  of  course,  are  not  plotted  unless  they 
are  points  of  the  profile.  Benches  are  not  plotted,  though  they  are  often 
described  by  notes  near  the  points  on  the  profile  where  thev  would  be 
found.  (5)  To  avoid  the  common  mistake  of  plotting  the  elevations  of 
turning-points  and  benches,  go  through  the  notes,  crossing  off  elevations 
which  should  not  be  plotted.  (6)  Another  common  mistake  is  to  plot  a 
plus  station  on  a  vertical  line  as  if  it  were  a  regular  station  insti^d  of 
plotting  it  between  vertical  lines  by  estimating  tne  distance.  (7)  When 
very  accurate  profiles  are  required  a  base-line  may  be  laid  out  on  drawing- 
paper  of  good  quaUty,  and  the  distances  and  elevations  plotted  by  scale. 
(8)  When  several  copies  of  a  profile  are  required  it  may  be  plotted  on 
profile  tracing-paper  or  tracing-cloth  and  process  prints  made,  or  it  may 
be  transferred  by  pricking  through,  or  b.v  carbon  paper,  or  by  some  similar 
method. 

559.  Profiles  of  Several  Related  Lines.  Several  rdiated  lines 
are  often  plotted  on  the  same  sheet,  one  above  the  other.  Thus, 
for  example,  the  profile  of  the  center  line  of  a  street  may  be 
plotted  about  hall-way  between  the  top  and  bottom  edges  of  the 
paper,  the  profiles  of  the  right  and  left  gutter-lines  being  plotted 
near  the  bottom  and  top  respectively.  In  this  case  a  different 
base-line  is  used  for  each  profile.  Another  method  is  to  plot 
the  three  profiles  from  a  common  base,  distinguishing  the  lines 
by  different  colors,  as,  for  example,  black  for  the  center-line, 
red  for  the  right  gutter-line,  and  blue  for  the  left  gutter-line. 

560.  Laying  Out  Grades.  Proposed  grades  may  be  laid 
out  on  a  profile  by  deciding  upon  points  through  which  the 
line  must  pass,  and  joining  successive  points  by  straight  liiMSS^ 
Frequently  the  vertical  angles  between  these  lines  must  be 
^iminated  by  vertical  curves  which  may  be  determined  by  one 
of  the  methods  on  pages  289  to  292  amd  then  plotted  on  the 
profile. 

561.  Plotting  a  Profile  from  Contofirs.  For  any  line  drawn 
across  a  contour  map  a  profile  may  be  plotted,  since  at  each 
intersection  of  a  contour  by  the  given  line  an  elevation  is  known, 
aiKi  the  distances  between  these  points  of  intersection  may  be 
scaled  from  the  map,  or,  if  the  given  line  is  straight,  they  may  be 
projected  from  the  map  to  the  profile  as  illustrated  in  Fig.  398, 
page  338.  Thus,  for  example,  a  road  may  be  laid  out  on  a 
topographic  map  and  a  close  approximation  to  its  profile  may 
be  obtained  no  matter  how  crooked  or  winding  the  road  may  be. 
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562.  Finishing  Profiles.  Many  of  the  directions  and  sug- 
gestions for  finishing  maps  (Chapter  XLII)  also  apply  to  finish- 
ing profiles,  especially  those  that  pertain  to  inking,  lettering, 
notes,  and  titles.  Additional  suggestions  are:  (1)  Draw  lines 
representing  existing  surfaces  in  black  ink,  and  proposed  changes 
in  red  ink  or  broken  lines.  (2)  When  the  surface  represented 
is  smooth  the  profile  may  be  ruled  with  a  ruling-pen,  otherwise 
it  should  be  drawn  free-hand.  Thus,  ordinarily,  the  proposed 
changes  are  shown  by  red  lines  carefully  ruled,  while  the  irregu- 
larities of  the  existing  surface  are  represented  by  a  slightly 
wavering  black  line. 

This  irregular  line  though  drawn  free-hand  should  be  of  even 
width.  When,  however,  the  vertical  scale  is  very  small  the 
little  irregularities  between  any  two  plotted  points  on  the  profile 
may  disappear,  in  which  case  the  profile  will  consist  of  a  series 
of  straight  lines  each  of  which  is  ruled;  to  draw  them  free-hand 
might  lead  to  inacciu'acy  in  the  use  of  the  profile,  since  the 
surface  of  the  ground  would  be  lepresented  as  more  irregular 
than  it  really  is.  (3)  In  inking  a  pencil  profile  composed  of 
a  series  of  straight  lines  the  sharp  angles  may  be  smoothed  out 
a  little  unless,  as  in  the  case  of  a  sudden  and  steep  incline,  such 
angles  exist  on  the  ground.  It  is  not  worth  while  to  do  this, 
however,  if  the  vertical  scale  is  greatly  exaggerated.  (4)  Draw 
the  base-line  in  red  ink.  At  every  point  of  the  grade-line  where 
the  gradient  changes  draw  a  dotted  or  broken  vertical  line  to 
the  base-line,  and  mark  along  this  line  the  grade  elevation  of  the 
point  and  the  "plus"  if  the  point  is  not  a  full  station,  thus: 
Sta.  Ifl  +  55  Elev.  =  1H.M.  When  the  elevations  are  those 
of  the  existing  surface  the  figures  and  the  broken  lines  should 
both  be  in  black  ink,  but  when  they  indicate  points  on  a  pro- 
posed surface  both  should  be  in  red.  Among  the  points  where 
the  station  number  and  grade  elevation  should  be  marked  in 
this  manner  are:  At  the  beginning  and  end  of  the  profile;  at 
each  side  of  an  intersecting  street;  at  each  end  of  a  bridge;  at 
the  P.C.  and  P.T.  of  a  horizontal  curve;  at  the  P.O.,  the  P.T.. 
and  the  highest  or  lowest  point  of  a  vertical  curve,  and,  if  the 
curve  is  to  be  staked  out  from  the  profile,  at  intermediate  points 
where  the  elevations  have  been  calculated  or  scaled.  (5)  At  each 
full  station  and  at  such  points  as  those  just  mentioned  mark 
the  cut  or  fill  along  a  vertical  line,  if  possible  in  the  space  between 
the  black  line  representing  the  orginal  surface  and  the  red  line 
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representing  tne  proposed  grade;  or  if  this  space  is  too  small 
draw  an  arrow  to  one  side  and  put  the  figures  near  by,  thus: 
C.  1.4  or  F.  ^.6.  (6)  The  rate  of  grade  may  be  printai  along 
the  line  which  represents  the  corresponding  surface,  or  it  may 
be  put  some  distance  below  on  a  horizontal  line  drawn  between 
vertical  lines  to  the  two  points  where  the  grade  begins  and 
ends.  In  the  latter  case  the  horizontal  line  should  be  shown 
like  a  dimension-line  with  an  arrow-head  at  each  end.  (7) 
Sometimes,  in  order  to  make  a  profile  stand  out  more  promi- 
nently, a  light  flat  tint  is  laid  on,  extending  half  an  inch  or  so 
below  the  line  which  represents  the  original  surface,  or,  in  the 
case  of  a  tracing,  colored  crayon  is  rubbed  on  the  back  of  the 
cloth  instead.  Sometimes  pencil  is  rubbed  on  a  proposed  profile 
and  erased  as  fast  as  the  construction  is  completed,  thus  showing 
the  progress  of  the  work.  Occasionally  it  is  desired  to  show 
different  materials,  as,  for  example,  the  different  strata  deter- 
mined by  borings.  Some  of  the  conventional  signs  are  shown 
in  Fig.  562.* 


Fig.  562. 

563,  Lettering  the  Profile.  Names  of  streets,  streams,  etc., 
and  descriptions  of  benches,  bridges,  culverts,  etc.,  should  be 
printed  along  vertical  lines  directly  above  the  corresponding 

♦See  Reinhardt's  "Technic  of  Mechanical  Drafting"  (Engineering  News 
Publishing  Co.)  for  additional  conventional  signs. 
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points  on  the  profile.  Words  should  read  from  the  bottom  up, 
and  all  notes  should  be  at  least  one  inch  above  the  profile  line 
except  the  rate  of  grade,  which  may  be  printed  along  that  line. 

Remark.  On  long  profiles,  such  as  those  used  in  railway  work,  some 
engineers  prefer  to  have  the  vertical  lines  of  lettering  read  from  tne  top 
downward  so  that,  in  consulting  a  partly  unrolled  profile,  the  zero  or  left- 
hand  end  may  be  held  toward  the  body  as  if  the  eye  were  looking  along 
the  general  line  represented  by  the  profile. 

Notes  should  be  definite  but  brief,  as,  for  example,  "B.M.  36. 
Elev  =  126.192.  Tack  in  root  of  Oak  30  ft.  to  left  of  Sta.  36." 
The  elevations  of  the  accentuated  horizontal  lines,  and  the 
station  numbers  of  the  accentuated  vertical  Jines,  should  be  in 
heavy  black  figures  on  the  left-hand  and  lower  margins  respect- 
ively. The  title  should  give  the  information  specified  in  Art. 
546  (a).  The  datmn  should  always  be  given  near  the  title. 
Practically  all  the  directions  for  constructing  a  title  for  a  map 
(pp.  523  to  526)  hold  good  for  profiles. 


Part  III 
SURVEYING  INSTRUMENTS* 


INTRODUCTORY 


564.  The  Study  of  Instruments.  When  the  student  is 
ftrst  learning  to  use  an  instrument  it  is  not  necessary  that  he 
should  study  it  in  detail;  on  the  contrary,  it  is  better  for  him 
to  confine  his  attention  to  the  few  parts  which  he  has  to  manipu- 
late. These  parts  are  visible  and  need  no  description.  When, 
however,  he  has  become  somewhat  accustomed  to  the  use  of 
an  instrument,  he  should  begin  a  careful  study  of  the  different 
partly  some  of  which  are  not  visible  after  the  instrmnent  has 
been  put  together.  Parts  thus  concealed  are  shown  in  the 
following  pages  by  drawings  or  photographs.  Thus  in  the 
photograph  on  page  551  a  telescope  is  shown  taken  apart» 
and  on  page  565  a  transit  is  shown  in  a  similar  manner. 
The  student  should  not  be  content,  however,  with  merely  observ- 
ing the  construction  of  the  different  parts.  He  should  inves- 
tigate the  properties  of  lenses,  of  magnetic  needles,  of  level- 
bubl^esy  the  theory  of  the  telescope,  the  defects  of  construction, 
and  similar  subjects.  In  this  way  he  will  become  familiar  with 
important  facts  and  fundamental  principles  which  are  not  evi- 
dent from  inspection.  A  careful  study  of  this  portion  of  the 
subject  (Chapters  XLIV  and  XLV),  should  precede  the  study 
of  the  adjustments  of  instruments  (Chapter  XL VI}. 

*  For  a  more  oomprehraisive  treatise  on  surveying  ixistruinenta  the  stu- 
dent is  referred  to  rrofessor  I.  O.  Baker's  exceOent  book  entitled  *'^i»- 
^msert*  Surveying  IruirumenU*'  (John  Wiley  &  Sons). 
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CHAPTER  XLIV 


PRIMARY  PARTS  OF  SURVEYING  INSTRUMENTS 

There  are  certain  primary  parts,  such  as  the  vernier,  t  ae  magnetic  needle, 
the  level-bubble,  and  the  telescope,  which  are  more  or  less  common  to  all 
surveying  instniments.  These  parts  are  discussed  in  this  chapter  prepara- 
tory to  a  study  of  the  instruments  themselves  in  the  next  chapter.  In 
some  cases  the  discussion  is  little  more  than  a  review  of  certain  fundajcnental 
principles  of  physics. 


565.  The  Vernier,  invented  in  1631  by  Pierre  Vernier,  is  a 
device  for  measuring  the  fractional  part  of  one  of  the  smallest 
divisions  of  a  graduated  scale.  It  usually  consists  of  a  small 
sliding  scale  running  parallel  to  and  in  contact  with  a  fixed 
scale  or  a  graduated  arc.    The  divisions  of  the  vernier  instead 

of  being  equal  to  the  divisions 
on  the  graduated  scale  or  arc, 


/ 1^  i'  I'l'i  'i  'i  \  k    '   '        ^r®  either  just  a  little  smaller 
jA  or  a  little  larger.    The  amount 


. .    by  which  the  smallest  division 

j '        if  B  I         ?    on  the  vernier  differs  from  the 

Li — I  J,   I    f  it  .1  ■>  I  1|  I|  I|  U'    *    ^  '     fimallpiRt  division  on  thft  cTadu- 


]  I  r  r  I'  I'l' 


?■ 


smallest  division  on  the  gradu- 
ated scale  or  arc  determines 
the  smallest  reading  or  lea;&i 


+4+ 


^  I         <     courd  of  the  vernier. 

■  I.i.t.i.  iJ   i  W 


(a)  TUuatration.  Fig.  565  (a)  shows 
B.t  A  a.  portion  of  a  scale    divided 

into  inches  and  tenths  of  an  inch, 

"X         ?      ^^^  *  vernier  attached.     The  same 

5J   I  7     scale  is  shown  at  B,  C,  and  D,  but 

,    f    I    I    I    }    t    I    I  f      the  vernier  has  been  moved  in  each 


"■'' '    I   I    I  'l   'l   I    (\'    ^      case.     At  A  the  vernier  zero  is  at 
■    '  *  the  3-inch  mark  of  the  scale,  and 


ijoj 


it  is  seen  that  10  divisions  of. the 
vernier  cover  a  space  equal  to  9  di- 
Fio.  565  (a).  visions    on    the    scale,     hence    one 

division  on  the  vernier  is  pqual  to 
0.9-)- 10=0.09  inch  long,  and  is  0.01  inch  shorter  than  the  smallest  divisions 
on  the  scale.  If,  therefore,  the  vernier  is  moved  along  the  scale  until  the 
first  mark  on  the  vernier  fnot  counting  the  zero)  is  exactly  opposite  to  the 
corresponding  mark  on  the  scale  (as  shown  at  fi),  the  vernier  zero  must 
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be  0.01  inch  from  the  3-inch  mark  on  the  scale.  If  moved  tintP  the  sec- 
ond mark  on  the  vernier  is  opposite  to  the  corresponding  mark  on  the 
scale  (as  shown  at  C),  the  zero  will  be  0.02  inch  from  the  3-inch  mark. 
Thus  by  moving  the  vernier  0.01  inch  at  a  time,  each  mark  in  succession 
will  coincide  with  a  mark  on  the  scale  until,  when  the  ninth  mark  is  oppo- 
site to  the  corresponding  mark  on  the  scale  (as  shown  at  D),  the  ver- 
nier zero  is  0.09  inch  from  the  3-inch  mark;  a  movement  of  another  0.01 
inch  will  then  bring  the  zero  of  the  vernier  opposite  the  3.1-inch  mark,  and 
the  process  will  begin  again. 

(6)  Reading  the  vernier.  From  the  preceding  illiMration 
it  is  evident  that  when  the  zero-point  of  the  vernier  is  between 
any  two  adjacent  marks  on  the  scale,  its  position  may  be  deter- 
mined by  observing  which  mark  on  the  vernier  is  exactly  oppo- 
site some  mark  on  the  scale.  For  this  reason  the  zero-mark 
of  a  vernier  frequently  serves  as  an  indicator  for  the  movable 
part  of  an  instrument  to  which  the  vernier  is  fastened.  For 
example,  when  a  vernier  is  attached  to 
the  target  of  a  leveling-rod  (as  shown  on 
p.  231),  the  zero  point  of  the  vernier  is 
placed  opposite  the  horizontal  center  line 
of  the  target,  so  that  when  this  center 
line  (and  the  vernier  zero)  stops  between 
two  adjacent  graduation  marks  on  the 
rod,  the  fractional  reading  may  be  ob-        —I  -4~  ^ 

tained  from  the  vernier.  There  are  al- 
ways two  steps  involved  in  the  whole 
reading,  viz,: 

(1)  Note  the  position   of   the    vernier    ^ 

zero  with  respect  to  the  main  (stationary) 
scale,  paying  no  attention  to  the  other 
marks  of  the  vernier. 

(2)  Observe  which  mark  on  the  vernier 
is  opposite  or  most  nearly  opposite  a 
mark  on  the  scale,  and  add  this  reading 
to  that  obtained  in  (1).  E «  F.« 


5  — 


J— 


5— 


(c)  Remark.  Notice  that  the  only  use  made 
of  the  vernier  is  in  getting  the  small  fractional 
reading  in  step  (2)  and  that  no  attention  is 
paid  to  the  value  of  the  mark  on  the  scale 
which  happens  to  be  opixtsite  a  mark  on  the 
vernier.  In  reading  any  vernier  for  the  first  time 
it  will  be  necessary  to  determine  its  least  count  FlO,  565  (d). 

as  explained  farther  on. 

id)  lUustration.  In  Fig.  665  {d)  the  smallest  division  on  the  scale  is 
0.01  ft.,  and  the  divisions  on  the  vernier  are  each  equal  to  0.009  ft.,  or 
0.(X)1  ft.  less  than  the  smallest  division  on  the  scale. 

On  the  scale  marked  E  the  zero  of  the  vernier  is  just  beyond  the  034-ft. 
mark  and  the  fifth  mark  of  the  vernier  is  opposite  a  mark  on  the  scale, 
hence  the  reading  la  034  ft. + 0.005  » 0.345  ft.  ».e..  the  vernier  sero  or  - 


Eue, 

J 
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dicator  is  just  half  way  between  034  and  035  ft.  On  the  scale  marked  F 
the  reading  is  0.40 4- 0.007  » 0.407  ft.  A  common  mistake  would  be  to  call 
it  0.47  ft. 

Remark.  In  reading  a  vernier  there  are  certain  danqer'TooinU  where 
mistakes  similar  to  that  indicated  above  are  likely  to  occur.  These  points 
for  verniers  on  leveling-rods  are  pointed  out  on  pages  22S-231,  and  for 
transit  verniers  on  pages  76-83. 

(e)  Direct  and  retrogradb  verniers.  A  direct  vernier  is 
one  in  which  the  smallest  division  on  the  vernier  is  shorter 
than  the  smallest  division  on  the  main  scale.  In  a  retrograde 
vernier  a  division  on  the  vernier  is  longer  than  a  division  on 
the  scale.  Most  verniers  on  surveying  instruments  are  direct^ 
such  as  those  shown  in  Figs.  565  (a)  and  b^  (d).  ^^  j.^ 

if)  Remark.  In  reading  a  retrograde  vernier  proceed  exactly  as  If  H 
were  a  direct  vernier,  observing,  however,  that  the  divisions  are  numbered 
backward,  or  in  an  opposite  direction  from  the  numbers  on  the  main  scale. 

Retrograde  verniers  are  used  on  leveling-rods  which  read  doumtoard  from 
the  center  of  the  target  instead  of  upward.  (See  page  230  for  target  ver- 
niers which  are  direct  and  hence  reiid  upward.)  Ketrograde  verniers  are 
also  used  in  special  forms,  such  as  those  described  on  page  83. 

(g)  To  DETERMINE    THE    SMALLEST  READING  Or  least  COimt  of 

a  vernier:  (1)  Observe  how  many  divisions  on  the  scale  oorre- 
spond  to  the  same  number  plus  onfi  {on  a  direct  vernier)  or  minus 
one  (on  a  retrograde  vernier). 

(2)  Divide  the  value  of  the  smallest  division  on  the  scale  by  the 
number  obtained  in  (1). 

In  algebraic  terms  let  rf= length  of  the  smallest  division  on 
the  scale,  »  =  length  of  smallest  division  on  the  vernier,  n— the 
number  of  d*8  which  added  together  equal  (nH- 1)  v*a  for  direct 
or  (n— 1)  v's  for  retrograde  vernier.  Then  ?Ml=(n+l)v  (direct) 
or  ?wi  =  (n  — l)u  (retrograde). 

Hence  the  smallest  reading  of  the  vernier  is 

d— v=-— Y  (direct)  or  d—v^    _    (retrograde).    .     (I) 

On  many  surveying  instruments  verniers  are  so  constructed 
that  the  above  rule  may  be  simpUfied  to: 

Divide  the  value  of  the  smallest  division  on  the  scale  by  the  num' 
ber  of  divisions  on  the  vernier. 

(h)  Verniers  for  leveling-rods  and  transits.  The  prin- 
cipal use  of  the  vernier  in  surveying  is  in  taking  target  readings 
in  leveling,  and  in  reading  angles  in  transit  work.  The  ver- 
niers on  targets  are  similar  to  that  shown  in  Fig.  565  (d)  and 
are  fully  illustrated  on  page  230;  they  should  not  be  confused 
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with  the  ordinary  scale  used  on  many  targets,  and  illustrated 
on  page  228. 

The  vernier  on  the  transit  is  divided  into  spaces  correspond- 
ing to  angular  measure  instead  of  linear;  the  principle  how- 
ever is  exactly  the  same.  Illustrations  of  transit  verniers  are 
given  on  pages  78  to  82. 

566.  The  Magnetic  Needle.*  (a)  Dip  op  thb  needle.  A 
needle  which  is  perfectly  balanced  before  it  is  magnetized  will, 
after  it  is  magnetized,  dip  towards  the  pole,  and,  in  the  northern 
hemisphere,  the  farther  north  the  needle,  the  more  its  northern 
end  will  be  attracted  downward.  In  order  to  counteract  this 
tendency,  a  small  wire  coil  is  placed  around  the  needle  to  act 
as  a  weight  on  its  southern  half.  As  the  dip  varies  in  different 
localities  this  little  weight  may  be  slipped  in  or  out  along  the 
needle  to  preserve  a  perfect  balance. 

(6)  Magnetic  declination.  The  magnetic  needle  does  not 
point  directly  north  except  in  a  few  localities.  In  some  places 
it  points  west  of  north,  in  other  places  east  of  north.  The 
meridian  in  which  a  needle  properly  magnetized  and  properly 
balanced  comes  to  rest  at  any  given  place  and  time  is  called 
the  magnetic  meridian  for  that  place  and  time,  and  the  angle 
between  a  magnetic  meridian  and  a  true  north  and  south  merid- 
ian is  the  corresponding  declination  of  the  needle  or  the  ma^ 
netic  declination.  In  some  places  this  declination  is  practi- 
cally nothing,  while  in  other  places  it  is  very  large.  Thus  in 
central  Ohio  it  is  nearly  zero,  but  in  Maine  it  is  18**  west,  while 
in  the  State  of  Washington  it  is  23°  east.  (See  Isogonic  Chart.) 
As  the  magnetic  meridian  at  any  given  place  is  continuously 
changing  there  are  corresponding  variations  of  declination. 

Variations  op  declination.  (1)  Secular  variations,  (2) 
diurnal  variations,  (3)  irregular  variations,  (4)  annual  variations, 
and  (5)  lunar  variations.  The  last  two  are  so  small  that  they 
may  be  neglected. 

(c)  The  secular  variation  is  the  slow  variation  in  the  magnetic 
declination  which  takes  place  with  the  lapse  of  time,  requiring 
aeveral  himdred  years  for  its  full  development.  This  change 
appears  to  be  periodic  in  its  character,  like  the  motion  of  a 
pendulum;   that  is,  the  compass  needle,  after  moving  continu- 

♦  For  n  treatise  on  this  subjeot  see  Maqnetic  Declination  Tables  and  lao- 

r'e  Charts  for  1902  and  Principai  Facts  tielating  to  the  Earth's  Magnetism, 
L.  A.  Bauer  (U.  S.  Coaat  and  Geodetic  Survey). 
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ously  in  one  direction  for  a  long  term  of  years,  gradually  comes 
to  a  standstill,  and  then  begins  a  motion  in  the  opposite  direc- 
tion. Thus  at  Portland,  Maine,  the  declination  appears  to 
have  been  12**  west  in  1700,  then  decreasing  to  only  8®  west  in 
1780,  then  increasing  again  imtil  now  it  is  more  than  1 4°  west 

In  the  work  of  the  surveyor  secular  variation  is  very  impor- 
tant, and  unless  otherwise  specified  it  is  the  variation  commonly 
referred  to.  The  rate  of  variation  is  different  for  different 
places,  and  the  change  per  year  at  a  given  place  is  not  a  con- 
stant quantity,  as  frequently  assumed  by  the  surveyor.  The 
change  per  year  (which  should  not  be  confused  with  annual 
variation)  is  greatest  near  the  middle  point  of  the  swing  re- 
ferred to  above,  and  becomes  less  and  less  as  the  extremes  are 
approached.  Thus  at  San  Francisco,  where  the  needle  has 
apparently  reached  its  extreme  easterly  position,  the  variation 
per  year  at  present  is  almost  zero. 

In  the  eastern  part  of  the  United  States  declinations  (west) 
are  increasing,  while  in  the  western  part  declinations  (east) 
are  decreasing. 

The  difference  in  the  rate  of  variation  may  be  shown  by 
taking  a  few  cities  at  random: 

Approximate  Annual  Change  in  Minutes. 
1895  1900  1902 

Bangor,  Me +1.5  +0.9  +0.1 

New  Haven,  Conn +3.3  +3.0  +1.8 

New  Orleans,  La +4.3  +4.3  +3.5 

San  Francisco,  Cal —0.1  +0.1  +0.1 

The  decimations  at  a  given  place  for  a  number  of  successive 
years  are  sometimes  given  by  an  empirical  formula,  but  the 
various  formulas  for  different  places  are  not  always  reliable. 
It  is  better  for  a  surveyor  to  determine  the  declination  for  him- 
self at  the  place  where  he  is  working,  by  observations  on  Polaris, 
or  by  some  similar  method.     (See  Chapter  XXVIII.) 

(d)  The  diurnal  variation  is  the  change  in  the  direction  of 
the  needle  from  hour  to  hour  during  the  day,  from  its  most 
easterly  position  of  the  needle  at  about  8  a.m.  to  its  most  wester- 
ly position  at  about  1.30  p.m.  The  needle  is  in  its  mean  position 
between  10  a.m.  and  12  m.,  and  between  5  and  6  p.m.,  and  hence 
during  those  periods  the  daily  variation  may  usually  be 
ignored.  The  amount  of  variation  differs  for  different  localities, 
and  for  different  seasons  of  the  year  in  the  same  locality.    The 
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total  movement  in  the  United  States  is  from  3  to  12  minutes, 
and  is  greatest  in  the  months  of  June,  July,  and  August. 

(e)  The  annual  variation  is  a  cyclical  change  having  the  year 
as  a  j>eriod,  and  should  not  be  confounded  with  the  change 
per  year  due  to  secular  variation,  for  the  latter  is  a  progressive 
change.  The  annual  variation  amounts  in  most  places  to  less 
than  one  minute  and  can  be  neglected  for  aU  practical  piu-poses. 
(/)  Irregular  variations  are  due  to  magnetic  disturbances  or 
storms  which  may  occur  at  any  time  and  cannot  be  predicted. 
Variations  of  this  kind  amounting  to  more  than  a  degree  have 
been  observed. 

(g)  IsoGONic  LINES  are  imaginary  lines  passing  through 
places  where  the  magnetic  declination  is  the  same  at  a  given 
time.  From  inspection  of  the  isogonic  chart  given  in  the  back 
of  this  book  the  isogonic  lines  are  seen  to  be  very  irregular. 

(h)  The  agonic  line  passes  through  places  where  the  decli- 
nation at  a  given  time  is  zero.  In  the  United  States  this  line 
passes  through  South  Carolina,  Ohio,  and  Michigan,  and  is 
slowly  moving  westward.  For  places  east  of  this  line  the  declina- 
tion is  west  and  for  places  west  it  is  east.  This  fact  is  a  help  in 
remembering  whether  the  declination  for  a  given  place  is  east 
or  west. 

(i)  Local  attraction  is  a  term  used  to  denote  any  influ- 
ence which  prevents  the  needle  from  pointing  to  the  magnetic 
north  in  a  given  locality.  In  its  strict  sense  it  does  not  include 
avoidable  attraction  due  to  things  about  the  person  or  to  other 
sources  not  connected  with  the  place  where  the  needle  is  read. 
Some  of  the  sources  of  local  attraction  are:  Magnetite  in  the 
ground,  troUey-wires,  steel  structures,  railroad-rails,  under- 
ground iron  pipes,  etc.  Contrary  to  a  common  belief,  iron 
ores  do  not  affect  the  needle  unless  they  contain  magnetite 
or  pyrrhotite.  Some  of  the  avoidable  sources  of  attraction  are: 
Keys,  knives,  steel-bowed  spectacles,  spectacle  cases  (which 
though  covered  with  leather  may  be  solid  steel  inside),  wire 
in  a  hat  brim,  metal  buttons,  and  other  bits  of  iron  or  steel 
about  the  person;  also  axes,  chains,  steel  tapes,  etc.,  which 
may  be  lying  on  the  ground  nearby. 

Note.  In  retracing  an  old  survey  made  many  years  ago,  it  was  found 
that  the  bearings  of  all  the  courses  were  incorrectly  given  on  the  original 
map.  and  the  errors  were  so  large  as  to  indicate  that  something  was  wrong 
with  the  compass  originally  used.  Fortunately  the  instrument  was  still 
in  existence,  and  an  exammation  disclosed  the  presence  of  a  steel  screw 
in  the  compass-box 
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567*  The  Level-bubble.  The  interior  surface  of  tbe  glass 
tube  of  a  spirit-level  should  be  ground  so  that  a  longitudinal 
section  will  show  a  circular  arc.  The  more  imiform  this  curva- 
ture is  throughout  the  length  of  the  tube  the  more  regular  will 
be  the  motion  of  the  bubble,  and  the  greater  the  radius  of  cur- 
vature the  greater  the  sensitiveness  of  the  bubble.  Within 
reasonable  limits  the  more  sensitive  the  bubble  the  more  pep 
feet  the  work,  though  a  very  sensitive  bubble  may  be  too  un- 
steady for  many  purposes;  on  the  other  hand  a  sluggish  bubble, 
though  it  may  give  the  appearance  of  steadiness  to  an  instru- 
ment, and  an  impression  that  it  *' keeps"  its  adjustment,  is 
incapable  of  accurate  work. 

The  fluid  used  in  spirit-levels  is  usually  alcohol  or  ether. 
Pure  alcohol  is  slow-acting,  requiring  some  time  to  settle  or 
to  obtain  its  equilibrium,  while  ether  is  quick-acting,  but  is  objec- 
tionable on  account  of  too  great  contraction  and  expansion 
for  slight  changes  of  temperature.  Some  makers  combine  the 
two.  Whatever  fluid  is  used  the  length  of  the  bubble  changes 
with  variation  in  temperature,  and  as  the  bubble  grows  shorter 
it  becomes  less  sensitive.  If  the  whole  tube  becomes  over- 
heated as  it  sometimes  does  when  left  in  the  sun,  the  bubble 
may  become  so  short  as  to  be  nearly  useless.  If  one  end  of 
the  tube  becomes  warmer  than  the  other,  the  tendency  is  for 
the  bubble  to  move  toward  the  warmer  end.  (See  experiment, 
p.  227,  and  Art.  350  (a),  p.  272.) 

The  line  tangent  to  the  circular  arc  of  the  tube  at  its  middle 
point,  or  a  line  parallel  to  this  tangent,  is  called  the  axis  of  the 
huhble-tube.  When  this  axis  is  horizontal  the  bubble  will  be 
in  the  center  of  the  tube.  Should  the  axis  become  slightly 
inclined  the  bubble  will  move  toward  the  higher  end  of  the 
tube  in  proportion  to  the  angle  made  by  the  axis  with  tbe 
horizon.  The  glass  tube  is  usually  graduated  on  top  by  marks 
0.01  ft.  apart.  The  value  of  a  level-bubble  is  usually  expressed 
by  the  change  which  takes  place  in  the  inclination  of  the  axis 
when  the  bubble  moves  over  a  sin^e  space.  Thus  in  a  1-minute 
level  for  a  displacement  of  one  division  the  inclination  changes 
1  minute,  and  in  a  20-second  level  it  changes  20  seconds.  The 
value  as  given  by  the  makers  for  any  particular  level  is  fre- 
quently found  by  actual  tests  to  be  erroneous.  The  engineer 
can  test  for  himself  the  sensitiveness  of  a  bubble  by  the  method 
given  below. 
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When  a  level-bubble  is  attached  to  a  telescope  the  relation 
between  the  sensitiveness  of  the  bubble  and  the  magnifying 
power  of  the  telescope  should  be  such  that  the  smallest  ver- 
tical movement  of  the  cross-hairs,  which  is  visible  to  the  eye, 
is  followed  by  an  appreciable  movement  of  the  bubble.  For  a 
good  transit  the  bubble  attached  to  the  telescope  should  have 
a  sensitiveness  of  not  less  than  0.01  ft.«26"  of  arc,  while  that 
of  the  plate-levels  should  be  not  less  than  0.01  ft.-»40"  of  arc. 
For  a  good  wye-level  or  diunpy  level  the  sensitiveness  should 
be  not  less  than  0.01  ft.«16"  of  arc. 

Circular  bubbles  are  sometimes  used  for  the  plimibing-levels 
attached  to  leveHng-rods,  and  are  occasionally  found  on  transits 
and  other  instruments. 

(a)   To    TEST    THE    SENSITIVENESS    OF   A    BUBBLE.      AsSUmlng 

that  the  bubble-tube  is  attached  to  the  telescope  of  a  level,  the 
angular  value  of  the  bubble  may  be  found  as  follows:  (1)  Set 
up  the  level  and  hold  a  leveling-rod  on  some  point  a  known  dis- 
tance from  the  instnunent.  (2)  Take  two  readings,  one  with 
the  bubble  two  or  three  divisions  to  one  side  of  the  center,  the 
other  with  the.  bubble  about  the  same  number  of  divisions  the 
other  side  of  the  center.  (3)  The  difference  in  readings  divided 
by  the  distance  to  the  rod  is  the  natural  tangent  of  the  angle 
between  the  two  lines  of  sight.  Divide  this  tangent  by  the 
tangent  of  1"  of  arc  (0.00000486),  thus  obtaining  the  value  of 
the  angle  in  seconds  of  arc.  Divide  the  result  by  the  number 
of  divisions  between  the  two  positions  of  the  bubble;  the  resu  t 
is  the  average  value  in  seconds  of  a  single  division. 

,  Suggestion.  (1)  Set  the  level  up  in  the  shade  with  two  diagonally  oppo- 
site leveling-screws  in  the  line  to  the  levelinsj-rod.  Change  the  position  of 
the  bubble  by  means  of  these  screws.  Probably  better  results  will  be 
obtained  if  an  extra  man  acts  as  bubble-tender.  (2)  In  measuring  off  a 
base  line  to  the  rod  it  saves  arithmetical  work  to  make  it  an  even  200  or 
300  ft.  (3)  Repeat  the  test,  holding  the  rod  at  different  distances  and 
displacing  the  bubble  by  different  amounts.  (4)  Any  bubble-tube  other 
than  a  telescope  level  may  be  tested  in  a  similar  manner  by  attaching  it 
rigidly  to  a  telescope,  with  its  axis  approximately  parallel  to  the  line  of 
sight.  (5)  There  are  small  instruments  called  level- tners  especially  designed 
for  testing  levels.  (6)  Draw  a  figure  and  show  that  if  25  is  the  distance 
from  the  instrument  to  the  rod,  R  the  radius  of  curvature  of  the^  level- 
tube,  d  the  length  of  one  division  of  the  scale,  and  h  the  difference  in  two 
rod-readings  when  the  bubble  is  moved  over  n  divisions  of  the  scale,  theil 

568.  Tfi«  Theory  off  Lenses.  In  order  to  imderstand  the 
construction  of  the  telescope  it  is  necessary  first  to  study  some 
of  the  most  important  properties  of  lenses.    The  different  forms 
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of  lenses  most  used  in  telescopes  are:  (1)  Double-convex  (con- 
vex on  both  sides);  (2)  plano-convex  (plaice  on  one  side,  con- 
vex on  the  other);  (3)  concavo-convex  (concave  on  one  side, 
convex  on  the  other).  No  one  of  these  forms  is  used  singly, 
but  two  or  more  are  combined  to  correct  certain  defects  which 
could  not  be  overcome  in  a  single  lens.  It  is  imnecessary  to 
give  here  a  complete  statement  of  the  theory  of  lenses;  it  will 
suffice  to  point  out  the  principles  which  apply  to  the  passage 
of  Ught  through  a  double-convex  lens.  These  principles  are 
in  general  the  same  for  the  other  forms. 

Remark,  The  figures  in  this  article  are  not  drawn  to  scale  and  are 
necessarily  much  distorted. 

(a)  Double-convex  lenses.  Each  of  the  two  surfaces  of 
the  double-convex  lens  is  a  portion  of  a  sphere,  and  the  line  pass- 
ing through  the  centers  of  these  two  spheres  is  the  principal 
aods.  If  the  radii  of  these  two  surfaces  are  equal,  the  ojdical 
center  is  at  the  geometrical  center  of  the  lens.  If  the  lens  is 
very  thin  it  may  bo  assumed  that  any  ray  of  light  passing 
through  its  center  undergoes  no  deviation.    The  principal  focus 

of  a  convex  lens  is  the  point  of 

__^™ its  principal  axis  where  rays  of 

F'  ^^--'"^Bf^^SvTl:  light  parallel  to  that  axis  are  con- 

____^2^:;^^Z^H^^;:2^1 verged  (approximately)  after  pass- 

—iM^ ing  through  the  lens,  and  in  the 

_      ^«„  „^  ordinary  doxM^oonvex    lens    the 

Fio.  668  (I).  .  .     .     ,    ^    .  ^, 

two   principal   foci    are   on    the 

principal  axis  equal  distances  from  the  optical  center.    Thus  in 

Fig.  568  (I),  AA  is  the  principal  axis,  C  the  optical  center,  and 

F  and  F'  the  principal  foci.    The  distance  FC,  equal  to  F'C, 

is  the  focal  length  which,  for  a  given  lens,  is  always  constant. 

The  focal  length  depends  upon  the  curvature,  not  upon  the 

size  of  the  lens,  but  as  large  lenses  usually  have  longer  radii 

of  curvature  than  small  lenses  their  focal  lengths  are  usually 

greater. 

Proposition  I.     A  cone  of  rays  from  a  point  located  at  either 

locus  becomes  a  cylinder  of  rays  after  passing  through  the  lens, 

the  axis  of  the  cylinder  coinciding  ivith  the  principal  axis  of  the 

lens.     Conversely  rays  of  light  parallel  to  the  principal  axis  con- 

verge  at  a  principal  focus  after  passing  through  the  lens. 

TUiistmlwn.    In  Fig.  568  (I),  the  full  lines  converge  at  F  after 
through  the  lens  and  the  dotted  linte  at  F'. 
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Illuatration.  The  rays  from  the  sun  are  practically  paralld,  and  m  the 
familiar  experiment  of  burning  a  hole  in  paper  with  a  rea<]^ng-glass,  the 
rays  are  converged  at  the  principal  focus  of  the  glass. 


Pig.  568  (II). 

Proposition    II.    Rays    diverging   from    any    point  converge 

approximately  at  a  real  focus  after  passing  through  the  lens, 

provided   the   distance  from   the   optical   center   to   the  point  is 
GREATER  than  the  focal  length  of  the  lens. 

Illustration.  In  Fig.  668  (II),  a  cone  of  rays  from  any  point  A  beyond 
the  focus  F  becomes  another  cone  of  rays  after  passing  through  the  lens, 
eonverging  at  a  point  B  beyond  the  other  focus  F'.  Conversely  rays  from  B 
converge  at  A. 

Conjugate  foci.  If  rays  of  light  from  any  point  converge  at 
a  second  point  after  passing  through  a  lens,  and  if,  vice  versa, 
rays  from  the  second  point  converge  at  the  first,  the  two  points 
are  called  conjugate  foci.  Thus,  for  example,  A  and  B  in  Fig. 
568  (II)  are  conjugate  foci  as  are  also  A'  and  B\  The  line  join- 
ing conjugate  foci  passes  through  the  optical  center  of  the  lens. 
When  conjugate  foci  are  not  in  the  principal  axis  the  line  join- 
ing them  is  called  a  secondary  axis,  e.g.,  A'B\  If  /^  and  /g  are 
the  distances  from  the  optical  center  to  conjugate  foci,  and  / 
is  the  focal  length  of  the  lens,  then  from  a  principle  of  optics 


(1) 


FW>m  the  above  equation  it  is  evident  that  both  /,  and  f, 
must  be  greater  than  the  focal  length. 


Fig.  668  aiD- 
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Proposition  III.  Rays  diverging  from  any  point  continue  to 
diverge  after  passing  through  the  lens  as  if  they  came  from  a  «o- 
caUed  virtual  focus  behind  the  point,  provided  the  distance 
from  the  optical  center  to  the  point  is  LESS  than  the  focal  length 
of  the  lens. 

Illustration.  In  Fig.  668  (III)  rays  diverging  from  any  point  G  at  a 
distance  g  less  than  f  continue  to  diverge  after  passing  through  the  lens, 

t  though    less    rapidly    than     before. 

They  will  therefore  appear  to  radi- 
ate not  from  G  but  from  H,  a  point 
^"'i-^^^  behind  G.     //  is  a  conjugate  focus, 

""'i     ■frr-^-^-.ij        but  the  rays  do  not  actually  pass 
f^Z --''■'  through   it  as    in   the    othar    cases, 

hence  it  is  called  a  virUial   conjw 
gate  focus. 
(6)  Formation  op  images. 
P  If   the  source  of  Hght   is  an 

■^>^^  extended  surface,  then  the  eone 

rrirfr^^^n'  of  rays  emanating  from  each 
point  forms  its  own  focus  after 
passing  through  the  lens;  and 
the  collection  of  foci  constitutes  an  image  which  is  real  and 
inverted  if  the  foci  are  real,  but  virtual  and  erect  if  the  foci  are 
virtual.  The  relative  sizes  of  the  object  and  image  are  sen- 
sibly proportional,  if  the  lens  is  thin,  to  their  respective  dis- 
tances from  the  optical  center. 

From  Proposition  III,  if  an  object  is  between  a  lens  and 
one  of  its  principal  foci,  the  image  is  virtual  and  erect,  and  is 
larger  than  the  object.  This  is  the  fundamental  principle  upon 
which  magnifying  glasses,  microscopes,  and  eyepieces  of  tele- 
scopes are  constructed. 

From  Proposition  I,  if  an  object  is  at  either  of  the  principal 
foci,  no  image  is  formed  (unless  it  is  at  infinity)  for  the  cone 
of  rays  from  any  point  become  parallel  after  passing  through 
the  lens. 

From  Proposition  II,  if  an  object  is  beyond  one  of  the  prin- 
cipal foci,  its  image  is  real  and  inverted,  and  lies  on  the  oppo- 
site side  of  the  lens  beyond  the  other  principal  focus.  This  is 
the  fundamental  principle  upon  which  the  object-glass  of  a 
telescope  is  constructed. 

From  Equation  1,  if  the  distance  from  the  object  to  the  lens 
is  less  than  twice  the  focal  length,  the  image  is  larger  than  the 
object  and  at  a  greater  distance  from  the  lens;  if  the  distance 
is  exactly  equal  to  twice  the  focal  lengthy  the  object  and  its 
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image  are  of  equal  size  and  equally  distant  from  the  lens;  if 
the  distance  is  more  than  twice  the  focal  length,  the  image  is 
smaller  than  the  object  and  less  than  twice  the  focal  length 
from  the  lens.  In  all  three  cases  the  object  and  its  image  are 
on  opposite  sides  of  the  lens,  and  the  image  is  real  and  inverted. 
The  farther  an  object  recedes  from  a  lens  the  nearer  its  image 
approaches  the  lens,  until  with  the  object  at  infinity  the  image 
is  at  a  principal  focus.     (Proposition  I.) 

(^6)  Note,  An  image  formed  by  a  single  lens  is  never  perfectly  distincfc 
on  account  of  spherical  and  chromatic  aberrations  of  the  lens.  The  former 
is  due  to  the  fact  that  the  rays  of  light  passing  through  the  lens  near  the 
edge  converge  at  a  point  slightly  nearer  the  lens  than  that  in  which  the 
central  rays  meet;  the  latter  to  the  fact  that  rays  of  diflFerent  colors  form 
their  foci  at  dififerent  distances.  Spherical  aberration  can  be  corrected  by 
making  the  surfaces  of  forms  other  than  spherical,  or  by  combining  two  or 
more  lenses  properly  proportioned;  chromatic  aberration  only  by  com- 
bining two  or  more  convex  and  concave  lenses  of  dififerent  materials.  Thus, 
for  example,  the  objective  in  the  telescope  of  a  surveying  instrument  is  an 
achromatic  lens  composed  of  a  double-convex  crovm-glaaa  and  a  concave- 
convex  flint  glass  lens. 

569.  The  Telescope,  (a)  The  telescope  shown  in  the  photo- 
graph on  page  551  is  similar  to  those  used  on  all  surveying 
instruments.  The  object-glass  at  A  gathers  the  rays  of  light 
from  an  object,  and  forms  an  inverted  image  in  the  plane  of 
cross-hairs  at  DD.  The  eyepiece,  extending  from  E  to  F, 
magnifies  both  the  inverted  image  and  the  cross-hairs.  In 
some  telescopes  the  image  appears  to  be  erect,  while  in  others 
it  remains  invert-ed.  The  difference  lies  wholly  in  the  eye- 
piece, as  will  be  explained  farther  on. 

The  eyepiece,  shown  by  itself  at  F'G,  is  similar  to  a  micro- 
scope.* When  in  place,  the  end  G  moves  through  a  ring  at  EE. 
A  separate  view  of  tliis  ring  at  E^E^  shows  the  four  screws  that 
hold  it  in  place.  These  screws  pass  through  smooth  holes  (not 
threaded)  in  the  shell  of  the  telescope,  so  that  by  unscrewing 
and  screwing  opposite  screws  the  ring  may  be  drawn  from  one 
side  to  the  other  for  the  purpose  of  centering  the  end  G  of  the 
eyepiece.  (See  p.  601.)  The  eyepiece  shown  is  an  erecting 
eyepiece  and  haa  four  lenses,  one  at  F'  one  at  G,  and  two  be- 
tween F'  and  G.  The  eyepiece  may  be  moved  in  or  out  for 
focusing  by  turning  the  piece  F^M  so  that  the  projecting  head 
of  a  screw  works  in  the  spiral  slot  shown  at  N,  Some  eye- 
pieces are  focused  by  a  rack  and  pinion  similar  to  that  used 
for  the  object-glass. 

The  object-glass  is  set  in  the  end  of  a  tube  shown  in  a  sepa- 
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rate  view  at  A'K,  The  end  K  moves  through  a  ring  at  CC 
similar  to  the  ring  shown  at  E'E'j  and  it  may  be  centered  by 
adjusting  this  ring  in  the  manner  explained  above  for  the  eye- 
piece ring.  The  object-glass  may  be  moved  in  and  out  for 
focusing  by  turning  a  screw  at  B.  At  the  inner  end  of  this 
screw  is  a  pinion  (shown  at  B')  which  works  in  a  rack  shown  at 
Hf  and  thus  moves  the  whole  piece  that  carries  the  object-glass. 
The  cross-hair  ring  at  DD  is  shown  in  a  separate  x\evf  at  lyiy. 
It  may  be  moved  up  or  down  and  from  side  to  side  by  turning 
the  capstan  screws  which  pass  through  smooth  holes  (imthreaded) 
in  the  shell  of  the  telescope.  (See  p.  587.)  The  cross-hairs  are 
spider-webs  (or  very  fine  platinum  wire)  almost  invisible  to  the 
eye,  and  therefore  not  visible  in  the  photograph.  The  whitish 
lines  on  the  ring  at  right  angles  to  each  other  are  caused  by 
the  shellac  which  fastens  the  cross-hairs.  Underneath  the 
shellac  are  very  fine  scratches  t«  aid  in  replacing  broken  hairs. 
(See  p.  616.) 

Note.  It  is  very  important  for  purposes  of  adjustment  to  undentand 
clearly  how  the  capstan  screws  control  the  movement  of  the  oroas-hair 
ring,  or,  as  it  is  often  called,  the  reticle.  The  cross-hairs  must  be  fastened 
to  this  ring  at  right  angles  to  each  other  before  the  ring  is  placed  in  the 
telescope,  as  they  cannot  be  changed  in  this  respect  auerward.  Notioe* 
however,  that  the  holes  in  the  telescope  through  which  the  screws  pass 
are  not  threaded;  on  the  contrary,  they  are  a  little  larger  than  the  screws, 
so  that  when  the  latter  are  loose  the  whole  ring  may  be  turned  slightly 
by  moving  the  four  capstan  heads  simultaneously  around  the  outsicU  of 
the  telescope  until  one  cross-hair  is  vertical  and  the  other  horizontal.  When 
the  capstan  screws  are  tight,  each  screw  presses  a  curved  washer   (shown 


in  the  photograph)  against  the  outside  surface  of  the  telescope.  Whok 
one  screw  is  loosened  and  the  opposite  screw  tightened,  the  whole  zing  is 
drawn  toward  the  tightened  screw  (since  the  holes  in  the  shell  of  the  Me- 


scope  are  smooth)  until  the  loose  screw  and  its  washer  are  brought  into 
contact  again  with  the  outside  of  the  telescope.  Notice  that  before  tightoi* 
ing  one  screw  the  opposite  screw  should  be  loosened,  otherwise  the  ring 
cannot  move  and  the  screw-thread  may  be  stripped.  By  loosening  the 
lower  screw  and  tightening  the  upper  screw,  the  whole  ring  may  be  drawn 
upward,  or  by  reversing  the  process  it  niay  be  drawn  downward.  likewise 
by  working  the  side  screws  in  a  similar  manner,  it  may  be  drawn  to  one 
side  or  the  other.  All  this  may  be  done  without  turning  the  ring,  ije^  one 
hair  may  be  kept  vertical,  the  other  horizontal. 

(6)  The  theory  op  lenses  as  applied  to  a  telescope  may 
be  studied  more  in  detail  by  means  of  Fig.  569  (6).  Let  the 
upper  figure  represent  a  telescope  with  a  non-erecting  eyepiece, 
and  the  lower  figure  one  with  an  erecting  eyepiece.  The  former 
will  be  .  considered  first.  Let  QQ  represent  the  object-glass 
and  AC  any  object  sighted  at.  Usually  the  distance  from  the 
object-glass  to  the  object  is  many  times  the  length  of  the  tele- 
scope, and  hence  the  latter  is  necessarily  shown  to  a  greatl(7 
exaggerated  Qpale, 
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1.  The  cone  of  rays  from  A  becomes  another  cone  of  rays 
after  passing  through  the  lens,  converging  at  a  (Proposition  II, 
p.  547).  Likewise  rays  from  C  converge  at  c,  and  rays  from 
all  points  of  the  object  converge  at  corresponding  conjugate 
foci  between  a  and  c.  Thus  a  very  small  inverted  image  of  thft 
object  is  formed  at  ac  (Art.  568  (6)  ). 

2.  The  distances  d  and  /'  are  approximately  distances  to  con-* 
jugate  foci,  both  being  greater  than  the  focal  length  of  the 
objective.  As  d  is  increased  /'  must  decrease  and  ince  versa, 
i.e.,  the  farther  away  the  object  the  nearer  must  be  the  inverted 


— /-- 


--dr 


Fig.  569  (6). 

image  to  the  object-glass.  (From  Equation  1,  p.  547.)  Since, 
however,  it  is  necessary  that  the  image  should  lie  in  the  plane 
of  the  cross-hairs  WW  (in  order  to  eliminate  parallax  see  p  555) 
the  distance  /'  is  changed  for  objects  at  different  distances  by 
moving  the  object-glass  in  (nearer  to  WW)  for  distant  objects, 
and  out  (away  from  WW)  for  near  objects.  This  explains  the 
rule  for  focusing  on  page  86.  The  focus  changes  rapidly  for 
objects  from  10  to  30  ft.  from  the  telescope,  but  very  slowly 
after  a  distance  of  100  ft.  is  reached,  the  focus  for  100  ft.  being 
nearly  the  same  as  for  greater  distances. 

The  inverted  image  ac  is  between  the  eyepiece  and  its  prin- 
cipal focus,  hence,  from  Proposition  III,  p.  548,  the  image  will 
appear  to  be  larger  than  it  is,  as  if  the  rays  of  light  came  from 
virtual  foci  behind  ac  in  some  such  position  as  a'c'. 

In  the  erecting  eyepiece  extra  lenses  are  inserted  which  rein- 
vert  or  erect  the  image  at  the  cross-hairs  before  it  is  magnified. 
Thus  rays  from  X  converge  at  x  in  the  plane  of  the  cross-hairs, 
the  lenses  of  the  eyepiece  form  another  image  reinverted  at  x', 
and  finally  this  image  as  seen  by  the  eye  is  magnified  by  the 
lens  at  e. 
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Remark*  The  cliief  objection  to  a  rum^ereeting  ey^iec)9  is  the  incon- 
venience caused  to  the  observer  from  seeinjg  objects  inverted.  Thus,  for 
example,  a  flagman  appears  to  stand  on  his  head,  to  move  to  the  right 
when  he  really  moves  to  the  left,  and  vice  versa.  In  the  erecting  eyepiece, 
however,  the  use  of  two  additional  lenses  causes  a  loss  of  light  which  is  a 
far  more  serious  objection  than  the  slight  inconvenience  resulting  from 
inversion.  Moreover,  for  a  given  length  of  telescope  greater  magnifying 
power  can  be  secured  without  sacrificing  illumination  by  using  a  non- 
erecting  eyepiece.  (Why?)  There  is  but  little  reason  for  the  use  of  the 
erecting  eyepiece,  although  it  is  more  conunon  than  the  simpler  form;  it 
should  never  be  used  on  instruments  intended  for  work  of  great  precision. 

Note.  Two  special  forms  of  telescope  sometimes  used  for  stadia  work 
may  be  mentioned.  The  Porro  telescope,  named  after  its  inventor,  has  an 
arrangement  of  lenses  which  makes  it  possible  to  read  stadia  distances 
directly  without  adding  the  constant  c  +  f.  In  another  form  of  telescope 
a  flat  glass  prism  at  the  object-glass  makes  it  possible  to  measure  stama 
distances  without  stadia  wires.     Neither  form  is  in  general  use. 

(c)  Line  of  collimation  and  line  of  sight.  The  line  of 
coUimation  of  a  telescope  is  usually  defined  as  the  line  from  the 
optical  center  of  the  objective  to  the  intersection  of  the  cross- 
hairs. Some  writers  maintain  that  this  definition  is  correct 
only  when  the  cross-hairs  are  in  perfect  adjustment.  Since  the 
engineer  is  accustomed  to  the  less  ambiguous  term  *'line  of 
sight  "  (a  line  determined  by  the  intersection  of  the  cross- 
hairs whether  they  are  in  adjustment  or  not),  the  use  of  the 
term  ''line  of  collimation"  will  be  avoided  in  this  book. 

(d)  Defects  of  telescopes.  Spherical  and  chromatic 
aberrations,  defined  in  Art.  568  (c),  p.  549)  are  inherent  defects 
which  the  manufacturer  should  aim  to  correct  by  a  proper 
combination  of  lenses.  A  third  defect  is  due  to  the  fact  that 
the  image  of  a  flat  object  formed  by  a  lens  does  not  lie  in  a  plane, 
but  is  concave  toward  the  lens.  This  aberration  of  sphericity, 
as  it  is  termed,  is  entirely  different  from  spherical  aberration. 
In  the  case  of  the  object-glass  it  is  inappreciable,  but  in  the 
eyepiece  it  is  more  serious.  It  is  not  a  source  of  error  in  meas- 
uring angles  and  in  leveling,  since  only  one  point  is  observed 
at  a  time,  but  in  stadia  work  it  may  become  objectionable.  The 
two  plano-convex  lenses  used  in  the  eyepiece  to  correct  chromatic 
and  spherical  aberration  correct  also  aberration  of  sphericity. 

(e)  Qualities  of  telescopes  that  depend  upon  design  and 
construction  are  as  follows:  1.  Definition;  2.  Illumination; 
3.  Size  of  field;   4.  Magnification. 

1.  Definition.  If  definition  is  poor  the  image  will  not  be 
clear  and  distinct.  Lack  of  definition  is  due  to  inaccuracy  in 
grinding  and  polishing  the  lenses  or  to  inaccuracy  in  centering, 
i.e.,  failure  to  place  the  component  lenses  of  either  the  object- 
i  or  the  eyepiece  so  that  their  axes  coincide. 
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2.  lUumiTiotwn.  If  illumination  is  poor  the  image  will  appear 
faint,  though  it  may  be  sharp  and  definite.  Lack  of  illumination 
simply  means  lack  of  light.  The  amount  of  light  which  reaches 
the  eye  through  the  telescope  depends,  first  of  all,  upon  the 
size  of  the  aperture  of  the  object-glass,  which,  on  account  of  the 
diaphragm  often  placed  in  the  tube,  is  somewhat  smaller  than 
the  object-glass  itself.  The  amount  of  light  collected  by  an 
objective  of  a  given  diameter  may  be  compared  with  that  col- 
lected by  an  objective  of  different  diameter  by  picturing  two 
squares  whose  sides  are  equal  respectively  to  the  two  diam- 
eters, i.e.,  the  amount  of  light  is  proportional  to  the  square  of 
the  diameter.  Of  the  light  which  strikes  the  lens,  however, 
less  than  85%  enters  the  telescope,  the  loss  being  due  to  reflec- 
tion and  imperfect  transparency.  The  light  which  passes  through 
the  telescope  is  distributed  over  a  larger  or  smaller  area  by  the 
eyepiece,  according  to  the  magnifying  power;  the  greater  the 
magnification  the  more  the  illumination  is  diminished,  the  bright- 
ness of  the  image  varying  inversely  as  the  square  of  the  mag- 
nifying power.  Finally,  for  the  best  possible  effect,  the  beam 
of  light  which  emerges  from  the  eyepiece  should  be  of  exactly 
the  same  diameter  as  the  pupil  of  the  eye. 

3.  Size  of  field.  The  field  of  view  is  the  whole  circular  area 
seen  by  an  observer  when  looking  through  the  telescope,  and 
the  angle  at  the  optical  center  of  the  object-glass  subtended 
by  the  diameter  of  this  circle  measures  the  size  of  this  field. 
The  size  of  field,  however,  is  not  dependent  upon  the  size  of  the 
object-glass.  It  increases  as  the  distance  between  the  object- 
glass  and  the  eyepiece  decreases,  it  increases  as  the  size  of  the 
eyepiece  increases,  it  increases  as  the  magnification  decreases. 
A  wide  field  of  view  is  desirable  as  it  enables  the  observer  to 
work  more  rapidly.  The  use  of  two  plano-convex  lenses  in 
the  eyepiece,  in  place  of  a  single  lens  increases  the  field  of  view. 

4.  Magnification  depends  upon  the  ratio  of  the  focal  length 
of  the  object-glass  to  the  focal  length  of  the  eyepiece.  For 
example,  if  the  focal  length  of*  the  objective  is  9  inches  and 
that  of  the  eyepiece  0.3  inch,  then  the  magnifying  power  is  30. 
The  magnifying  power  should  be  proportional  to  the  aperture. 
I.e.,  to  the  amount  of  light  which  enters  the  telescope.  If  the 
magnifying  power  is  too  high  for  the  aperture,  ordinary  objects 
will  appear  too  faint,  especially  under  imfavorable  atmospheric 
conditions;  and  if  the  magnifying  power  is  too  low  the  objects 
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will  appear  too  small  for  accurate  sighting.  The  magnifying 
power  should  be  such  that  the  least  movement  of  the  level- 
bubble  or  change  in  the  vernier  causes  an  easily  perceptible 
movement  of  the  cross-hairs  over  the  object  in  the  field  of 
view.  Except  perhaps  in  stadia  work,  a  higher  power  than 
this  is  a  disadvantage  since  there  is  a  needless  loss  in  the  bright- 
ness of  the  image,  while  a  lower  power  does  not  develop  the 
full  capacity  of  the  instrument.  The  loss  of  light  in  high-power 
instruments  is  often  mistaken  for  cloudiness  due  to  poor 
lenses. 

For  rapid  working  the  exact  focusing  required  for  a  high- 
power  telescope  is  a  drawback,  a  change  in  focus  being  required 
for  a  small  change  in  distance.  For  example,  in  a  low-power 
telescope  the  focus  for  distances  between  300  and  400  ft.  is 
practically  the  same,  but  in  high-power  telescopes,  the  change  of 
a  few  feet  requires  a  change  in  focus,  and  if  the  telescope  is  not 
properly  focused  the  image  is  apt  to  be  less  distinct  than  in  low- 
power  telescopes.  Low  power  is  better  also  for  focusing  upon 
objects  very  near  the  instrument. 

Non-erecting  eyepieces  are  not  more  powerful  than  the 
erecting  eyepieces,  but,  being  shorter,  they  allow  for  a  given 
length  of  telescope  a  greater  focal  length  of  object-glass,  and 
thus  increase  the  power.  They,  however,  transmit  much  more 
light  to  the  eye  and  have  a  much  larger  field. 

For  transits  the  average  magnifying  power  is  about  24  diam- 
eters, while  for  levels  it  is  from  30  to  36,  running  up  to  50  in 
some  instruments. 

Remark.  An  erecting  eyepiece  is  now  made  which  can  be  manipulated 
8o  as  to  change  the  power  of  the  telescope  at  will.  By  this  device  a  high 
power  can  be  used  in  favorable  weather,  and  when  the  weather  is  unfavor- 
able this  high  power  can  be  converted  to  a  low  one  with  a  consequent 
increase  in  illumination  and  field. 

(/)  Parallax.  If  the  image  formed  by  the  object-glass  is 
not  in  the  same  plane  with  the  cross-hairs,  any  movement  of 
the  eye  is  Ukely  to  cause  an  apparent  movement  of  the  image 
with  respect  to  the  cross-hairs.  This  is  called  parallax.  The 
effect  is  similar  to  that  produced  in  looking  through  a  window, 
where  any  movement  of  the  eye  causes  an  apparent  move- 
ment of  objects  outside.  Parallax  may  render  accurate  work 
impossible.  To  remedy  it  the  image  and  the  cross-hairs  must 
be  brought  into  the  same  plane.    Two  steps  are  necessary. 
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(1)  Point  the  teleeoope  toward  the  sky  and  move  the  eye- 
piece in  or  out  until  the  cross-hairs  are  as  well  defined  as 
possible,  i.e.,  in  perfect  focus.  If  only  one  person  uses  the 
instrument  this  focusing  may  be  done  once  for  all  (imless  the 
elide  has  to  be  moved  when  the  instnmient  is  put  in  its  box), 
since  the  proper  focus  depends  simply  upon  the  eye  of  the 
observer. 

(2)  Direct  the  telescope  to  the  object  and  focus  the  object- 
glass  as  usual,  keeping  the  eye  on  the  cross-hairs  until  the 
image  appears  in  sharp  focus.  Test  by  moving  the  eye  from 
side  to  side,  and  if  necessary  move  the  object-glass  slightly 
until  parallax  disappears. 

The  more  accurate  the  work  the  more  care  should  be  used 
to  eliminate  parallax,  while  the  higher  the  power  of  the  tele- 
scope the  more  difficult  it  is  to  do  this. 

(g)  Tests  for  telescopes.  A  few  of  the  most  important 
tests  for  telescopes  are  given  below.* 

Flatness  of  field.  Draw  a  heavy-lined  square,  6  or  8  inches 
on  a  side,  on  white  paper  fastened  to  a  board.  Hold  the  board 
at  such  a  distance  that  the  square  nearly  fills  the  field  of 
the  telescope.  Focus  the  telescope  on  it,  then  the  sides  of  the 
square  should  appear  perfectly  straight.  Any  curvature  ex- 
cept at  the  extreme  limits  of  the  field  is  especially  objectionable 
in  stadia  work. 

Definition,  Focus  on  small  clear  print  40  or  50  ft.  away. 
If  the  definition  of  the  telescope  is  good  the  print  will  be  clearly 
defined  and  legible. 

Size  of  field.  Set  two  transit  poles  200  or  300  ft.  from  the 
instrument  at  such  a  distance  apart  that  one  is  in  one  edge 
of  the  field  and  the  other  in  the  opposite  edge.  Multiply  this 
distance  by  57.3  and  divide  by  the  distance  to  the  poles  200  or 
300  ft.,  as  the  case  may  be.  The  result  is  the  angular  width 
of  field  in  degrees. 

Size  of  aperture.  Focus  the  telescope  on  any  distant  object; 
then  withdraw  the  eye  to  a  distance  of  8  or  10  inches  or  until 
the  small  disc  of  light  which  appears  in  the  center  of  the  eye- 
piece is  distinctly  seen.  Hold  a  pencil-point  at  the  extreme 
edge  of  the  object-glass.     If  it  shows  itself  as  a  dark  spot  in 


*  For  more  complete  directions  for  testing  telescopes  oooflttlt  ProfoMor 
Baker's  Engineers'  Surveying  InsPrumentat  p.  80. 
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the  edge  of  the  disc  of  light,  the  aperture  is  equal  to  the  diame- 
ter of  the  .glass;  if  not,  move  it  toward  the  center  imtil  the 
dark  spot  appears,  measure  the  distance  from  the  edge  of  the 
glass  to  the  pencil-point,  and  subtract  twice  this  distance  from 
the  diameter  of  the  glass.  The  result  is  the  diameter  of  the 
aperture.  It  is  better  to  use  a  small  piece  of  moistened  paper 
in  place  of  the  pehcil-point,  sticking  it  on  the  glass  and  moving 
it  into  place  with  the  finger-tip. 

Magnifying  power.  Divide  the  diameter  of  the  clear  aper- 
ture by  the  diameter  of  its  image  (the  disc  of  light)  formed  by 
the  eyepiece.  Thus  if  the  image  is  -^^  inch  in  diameter  and  the 
aperture  is  1.5  inch,  the  magnifying  power  is  15. 

Another  method:  Focus  on  a  coarsely  graduated  rod  held 
from  125  to  150  ft.  from  the  instnunent.  Look  through  the 
telescope  with  one  eye  and  along  the  outside  of  the  telescope 
with  the  other  eye.  One  space  viewed  through  the  telescope 
wiU  appear  to  cover  a  certain  nimiber  of  spaces  seen  with  the 
naked  eye.    This  number  is  approximately  the  magnifying  power. 

Qi)  Teoiscopes,  summary. 

1.  The  objective  forms  an  inverted  image  at  the  cross-hairs, 
the  eyepiece  magnifies  this  image  and  the  cross-hairs. 

2.  The  objective  must  be  brought  nearer  to  the  cross-hairs^ 
as  an  object  sighted  at  is  farther  away  and  vice  versa. 

3.  The  object-glass  is  an  achromatic  lens  composed  of  a  double- 
convex  crown-glass  and  a  concavo-convex  flint  glass. 

4.  The  erecting  eyepiece  is  composed  of  four  lenses;  the  non- 
erecting  of  two.  The  latter  therefore  permits  more  light  to 
reach  the  eye.  It  is  also  shorter  and  therefore  affords  space 
for  the  use  of  an  objective  of  longer  focus  in  a  telescope  of  a 
^ven  length,  thus  increasing  the  power. 

5.  Magnifying  power  is  equal  to  the  focal  length  of  the  objec- 
tive divided  by  the  focal  length  of  the  eyepiece. 

6.  The  advantage  of  high  power  lies  in  the  apparent  increase 
in  the  size  of  the  object  sighted  at.  The  disadvantages  are: 
loss  in  illumination,  decrease  in  the  size  of  the  field,  increased 
difficulty  in  focusing.  The  brightness  of  an  image  varies  in- 
versely as  the  square  of  the  magnifying  power. 

7.  The  image  formed  by  the  objective  should  lie  in  the  plane 
of  the  cross-hairs  to  avoid  parallax. 

8.  The  size  of  the  aperture  is  not  always  equal  to  the  diam- 
eter of  the  objective.    The  amount  of  light  collected  by  an  ob- 
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jective  is  proportional  to  the  square  of  the  diameter  of  the 
clear  aperture. 

9.  Flatness  of  field  is  most  important  in  stadia  work. 

10.  Chromatic  aberration,  spherical  aberration,  and  aberration 
of  sphericity  are  defects  which  are  inherent  in  a  single  lens^  but 
which  can  be  corrected  by  compound  lensea* 


CHAPTER  XLV 


SURVEYING  INSTRUBIENTS 

As  no  person  is  likely  to  study  a  surveying  instrument  unless  he  has 
one  to  use,  no  attempt  is  made  in  this  chapter  to  explain  parts  of  an  instru- 
ment which  are  readily  understood  from  inspection.  The  chief  aim  is  to 
set  forth  important  requirements  which  good  instruments  should  fulfil, 
and  to  give  methods  of  testing  and  comparing  instrumraits.  Incidentally 
important  features  of  different  instruments  are  pointed  out,  and  wherever 
necessary  the  workings  of  concealed  parts  are  explained. 


570.  Chains  and  Tapes,  (a)  Chains.  Each  link  of  a 
surveyor's  chain  is  made  of  iron  or  steel  wire,  and  includes  a  long 
piece  and  a  separate  ring  at  each  end.  There  are  two  kinds 
Of  chains :  Ounter's  chains  and  the  engineer's  chain.  The  former 
Is  66  ft.  long,  while  the  latter  is  100  ft.  Each  has  100  links; 
hence  the  length  of  a  link  in  the  Gunter's  chain  is  0.66  ft.,  while 
in  the  engineer's  it  is  1.0  ft.  Some  engineer's  chains  are  only 
50  ft.  long,  but  the  length  of  each  link  is  still  1.0  ft.  Gunter's 
chain  was  made  66  ft.  k)ng  so  that  ten  square  chains  should 
equal  one  acre.  This  gives  rise  to  the  special  units  of  measure- 
ment given  at  the  bottom  of  page  3.  While  the  chain  is  still 
used  it  is  being  rapidly  replaced  by  the  steel  tape.  (See  Re- 
mark, p.  33.) 

(6)  Tapejs  are  of  three  kinds:  (1)  Cloth  tapes,  (2)  metaUic 
tapes  (linen,  woven  with  fine  brass  wire),  and  (3)  steel  tapes. 
They  vary  in  length  from  a  3'ft.  pocket- tape  to  a  1000-ft*  steel 
tape.  Usual  lengths  are  50  and  100  ft.  Cloth  tapes  are  use- 
less except  for  very  rough  work.  Metallic  tapes  are  somewhat 
better,  but  they  are  affected  by  moisture  and  under  a  strong 
pull  they  win  sometimes  stretch  as  much  as  0.3  ft.  in  100  ft. 
They  stretch  permanently  with  continued  use  and  are  suitable 
only  for  rough  work.  Steel  tapes  vary  in  quality  and  accu- 
racy of  graduation,  but  even  the  poorest  steel  ti^  is  far  superior 
to  dther  a  cloth  or  a  metallic  tape. 

509 
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(c)  Steel  tapes.  A  steel  tape  is  a  thin  ribbon  of  steel  in 
one  piece,  from  J  to  i  in.  in  width,  from  ^\  to  ^\  in.  in  thickness. 

Band  {or  Chain)  Steel  Tape.  Comparatively  narrow  and 
thick,  divided  into  feet  (sometimes  links)  with  the  foot  at  each 
end  subdivided. 

Ribbon  Tape,  Wider  and  thinner  than  the  band  tape,  divided 
into  feet,  each  foot  subdivided;  differs  from  the  band  tape  in 
being  graduated  throughout.  The  ribbon  steel  tape  is  one  of  the 
most  accurate  devices  known  for  linear  measurements.  It  is 
used  for  city  work,  for  base-line  measurements,  and  for  other 
work  where  great  accuracy  is  required.  Errors  due  to  different 
sources,  such  as  temperature,  pull,  sag,  etc.,  can  be  eliminated  or 
corrected  as  explained  in  Chapter  V. 

Pocket  steel  tapes  in  lengths  from  3  ft.  up,  are  very  useful, 
and  it  is  a  good  plan  to  carry  one  in  the  pocket  not  only  in  the 
field  but  in  the  office  also. 

Special  tapes  may  be  had  fitted  with  a  thermometer  and  a 
spring-balance  or  a  compensating  handle. 

Best  size  for  ordinary  work.  Band  tape  J  to  f  in.  wide,  a 
little  more  than  ^V  ^^'  thick.  Ribbon  tape  |  to  J  in.  wide.  Wide 
thin  tapes  are  easily  broken. 

Graduation  of  tapes.  Tapes  may  be  graduated  to  suit  the 
pmxjhaser.     Standard  graduations  are  as  follows: 

(1)  Every  foot  marked,  every  fifth  foot  numbered  5-to-lOO, 
the  foot  at  the  zero  end  subdivided  to  tenths  of  a  foot. 

(2)  Same  as  (1)  except  there  are  two  series  of  numbers^  one 
beginning  at  either  end  and  numbered  throughout  in  opposite 
directions,  each  end  foot  subdivided. 

(3)  Same  as  (1)  except  nimibered  symmetrically  with  re- 
spect to  middle  of  tape  thus:  (>-10-20-30-40-50-40-3(>-20-l(M), 
each  end  foot  subdivided. 

(4)  Graduated  from  end  to  end,  each  foot  subdivided,  and 
each  foot  numbered.  This  is  the  best  form  of  graduation. 
(See  Remark,  p.  34.) 

Graduation  marks.  There  are  four  methods  in  common  use 
for  marking  graduations:  (1)  By  small  brass  rivets,  one  every 
foot,  with  some  device  for  indicating  10-ft.  points,  as,  for  ex- 
ample, one  rivet  at  10  ft.,  two  at  20  ft.,  three  at  30  ft.,  etc. 
(2)  By  short  brass  sleeves  at  graduation  points,  with  niunbers 
stamped  in  the  brass.  (8)  By  lumps  of  solder  at  graduation 
points,  with  numbers  stamped  in  the  solder.    (4)  By  etchiqg 
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the  division  lines  on  the  tape  with  acid.  Rivet  holes  in  (1)  and 
etching  in  (4)  weaken  the  tape.  Numbers  etched  are  apt  to 
become  indistinct.  Methods  (2)  and  (3)  are  preferable  for 
fough  usage. 

Reds  and  handles.  Tapes  may  be  woimd  up  in  leather  or 
metal  boxes  or  on  some  form  of  open  reel.  It  is  better  for  the 
tape  to  use  neither,  but  to  do  it  up  in  the  form  of  a  figure  8 
(see  p.  31).  This  allows  the  tape  to  dry  qmckly,  avoids  sharp 
bends,  and  permita  the  use  of  non-detachable  handles.  Most 
detachable  handles  come  off  too  easily  and  are  apt  to  be  lost. 
Fasten  such  handles  on  with  string  or  wire.  The  raw-hide  loop 
handle  is  not  apt  to  come  off,  but  is  more  likely  to  catch  in  the 
bushes. 

Note-  After  a  steel  tape  has  been  done  up  in  a  figure  8  it  may  be  twisted 
into  a  still  more  convenient  form  as  follows:  Tie  the  ends  of  the  tape,  but 
leave  untied  the  middle  of  the  8  whe.-e  the  sides  cross,  thus  allowmg  the 
tape  to  hang  in  one  loop.  Grasp  opposite  sides  of  the  loop  where  they 
cross  in  the  8  and  pull  them  apart,  thus  stretching  the  8  crosswise.  If 
properly  done  the  tape  will  turn  into  two  circular  loops  which  may  be 
Drou^t  together  as  one  circle  about  the  size  of  one  loop  of  the  8.  To 
undo  the  tape  reverse  the  process,  allowing  the  tape  to  spring  back  into  a 
figure  8.  Several  trials  majr  be  necessary  before  the  trick"  is  learned, 
but  the  form  is  such  a  convenient  one  for  carrying  tapes  that  every  chain- 
man  should  learn  to  use  it. 

(d)  Standardizing  tapes.  A  steel  tape  can  be  sent  to  the 
National  Bureau  of  Standards  at  Washington,  where  it  will  be 
tested  for  a  small  fee.  The  certificate  of  comparison  furnished 
will  state,  among  other  data,  the  temperature  at  which  com- 
parison was  made,  the  tension  at  which  the  tape  was  compared, 
and  the  length  corrected  for  a  standard  temperature  of  62°  F. 
Having  thus  obtained  the  data  concerning  one  tape  this  tape 
may  be  kept  unused  as  a  standard  by  which  to  test  other  tapes, 
or  a  permanent  standard  may  be  established  as  explained  below. 

Permanent  standard.  Any  device  used  for  testing  the  gradu- 
ation of  a  steel  tape  should  fulfil  the  following  conditions: 

(1)  The  exact  distance  between  permanent  marks  should  be 
known  at  the  time  the  tape  is  tested. 

(2)  The  tape  should  be  supported  throughout  its  length;  if 
supported  at  intervals  the  tops  of  the  supports  should  be  level. 

(3)  Marks  on  the  standard  should  be  very  fine,  but  clear  and 
permanent. 

(4)  Some  provision  should  be^  made  for  keeping  the  tape 
steady  at  a  known  pull;  also  some  provisioo  for  measuring  the 
temperature  of  the  tape. 
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(6)  There  should  be  some  device  for  obsening  and  meafluring 
the  discrepancies  in  length  between  the  standard  and  the  tape 
tested. 

For  ordinary  surveying  a  standard  for  a  100-ft.  tape  may  be 
established  as  follows:  On  a  level  floor  nail  pieces  of  zinc  about 
2  inches  square  and  25  ft.  apart  centers  (or  closer  if  desired)  for 
100  ft.  Near  each  end  place  a  small  turn-buckle,  one  end  fas- 
tened to  the  floor,  the  other  end  attached  in  one  case  to  the 
tape  and  in  the  other  case  to  a  spring-balance  which  connects 
the  tape  and  turn-buckle.  Select  a  day  when  the  temperature 
near  the  floor  is  62°  (or  whatever  may  be  the  standard  for  the 
tape),  stretch  the  tape  by  means  of  the  turn-buckle  until  the 
spring-balance  reaches  12  lbs.  (or  whatever  may  be  the  standard 
pull),  and  make  a  fine  deep  scratch  on  each  piece  of  zinc  at  tte 
zero-point,  the  100-ft.  point,  and  at  intermediate  points.  The 
scratches  may  be  made  with  a  straight-edge  and  fine-pointed 
awl,  the  work  being  done  under  a  magnifying  glass.  When  a 
floor  space  100  ft.  long  cannot  be  had,  the  standard  may  be 
laid  off  on  a  sidewalk,  water-table  of  a  building,  curbing  or  other 
convenient  place  if  proper  provisions  can  be  made  for  marks. 
Sometimes  stone  posts  with  copper  plugs  or  plates  in  their  tops 
and  set  so  that  they  cannot  be  disturbed  are  used  as  standards.* 

In  extensive  work  where  great  accuracy  is  required  a  more 
elaborate  standard  is  sometimes  necessary.  That  used  for  the 
Boston  Water-works  consisted  of  a  steel  strip  a  little  over  100  ft. 
long,  laid  in  a  wooden  trough  with  a  cover  to  protect  it. 
Graduations  were  on  silver  plugs  inserted  in  the  strip.  A  tape 
laid  on  the  strip  for  testing  would  expand  or  contract  for 
changes  of  temperature  the  same  amount  as  the  strip  itself,  t 

Testing  the  tape.  Stretch  the  tape  with  the  turn-buckles  and 
the  spring-balance.  Bring  the  zero  of  the  tape  exactly  oppo- 
site the  zero  of  the  standard  as  observed  through  a  magnifying 
glass,  keeping  the  pull  correct.  Read  the  amount  the  tape 
is  long  or  short,  using  a  magnifying  glass  and  a  steel  or  boxwood 
scale  divided  to  50ths  or  lOOths  of  an  inch.  Note  the  ton- 
perature  of  the  tape.  The  difference  between  the  length  of 
the  tape  and  the  standard  should  be  corrected  for  the  difPer- 


♦  See  Engineering  News,  May  6,  1897,  p.  284,  for  a  description  of  an 
elaborate  apparatus  for  standardizing  tapes  at  Salt  Lake  City. 

t  See  a  paper  on  "  The  100-foot  Standard  of  Length  of  the  Boston  Water* 
works  at  Cliestnut  Hill,"  by  Charles  W.  Sherman. 
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ence  between  the  observed  temperature  and  the  standard  tem- 
perature; the  result  is  the  error  of  the  tape  in  inches  and  should 
be  reduced  to  a  decimal  of  a  foot.  Intermediate  points  should 
also  be  tested,  siDce  some  of  them  may  be  incorrect  even  though 
there  is  no  error  in  the  total  length  of  the  tape.  A  tag  attached 
to  the  handle  should  give  the  result  of  the  test  in  some  such 
manner  as  this:  ''Tested  by  John  Smith,  Fred  Jones,  and 
Ralph  Brown,  Sept.  14,  1907,  Total  length  of  tape  0.005  ft. 
short.     Intermediate  marks  at  25-ft.  points  correct." 

571.  The  Transit.  Although  there  are  upward  of  foiur 
himdred  parts  in  an  ordinary  transit,  it  may  be  divided  for 
purposes  of  explanation  into  the  three  parts  shown  in  the 
photograph  on  page  565  viz.  (1)  the  upper  plate,  (2)  the  lower 
plate  (or  middle  part),  and  (3)  the  leveling-head.  The  sup- 
porting  axis  of  the  telescope  rests  at  either  end  upon  a  standard, 
and  these  standards  are  rigidly  attached  to  the  upper  plate,  so 
that  when  the  telescope  is  turned  sidewise  or  horizontally  the  upper 
plate  must  turn  with  it.  The  whole  may  therefore  be  considered 
as  one  part.  The  inner  spindle  A  fits  into  a  socket  in  the 
outer  spindle  B,  and  the  latter  fits  into  the  socket  C  in  the  level- 
ing-head.  The  object  of  these  two  spindles  is  to  allow  either 
the  upper  or  the  lower  plate  to  be  revolved  without  turning  the 
other.  When  the  transit  is  set  up  properly  the  leveling-head 
is  stationary  and  the  two  plates  are  level.  If  the  upper  plate 
is  clamped  to  the  lower  plate,  both  may  be  revolved  together 
on  the  spindle  B.  If  now  the  lower  plate  is  fastened  to  the 
leveling-head,  neither  plate  can  revolve  nor  can  the  telescope 
be  turned  sidewise.  If,  however,  the  upper  plate  is  undamped 
from  the  lower,  it  can  be  turned  (telescope  and  aU)  on  the 
spindle  A,  although  the  lower  plate  will  remain  stationary  since 
it  is  still  fastened  to  the  leveling-head.  The  upper  plate  is 
sometimes  called  the  vernier  plate  because  it  has  attached  to 
it  a  vernier,  the  zero  of  which  may  be  called  an  indicator.  The 
entire  upper  part  including  the  telescope  is  sometimes  called 
the  alidade.  The  lower  plate  or  limb  has  on  its  outer  edge  the 
graduated  circle.  There  are  three  steps  in  measuring  a  hori- 
zontal angle:  (1)  Set  the  indicator  of  the  vernier  opposite  the 
zero  on  the  limb  and  clamp  the  upper  and  lower  plates  together. 
(2)  Turn  the  telescope  toward  the  backsight,  both  plates  revolv- 
ing on  the  spindle  B,  and  when  the  line  of  sight  is  on  the  back- 
sight damp  the  lower  plate  to  the  leveling-plate.    Now  neither 
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plate  can  turn  and  the  indicator  is  still  oppoeHB  the  sero. 
(3)  Unclamp  the  upper  plate,  turn  the  telescope  toward  the 
foresight,  the  upper  plate  revolving  on  the  spindle  A,  but  the 
lower  plate  remaining  stationary;  t^e  value  of  the  arc  which 
the  indicator  passes  over  as  the  telescope  is  turned  from  the 
backsight  to  the  foresight  can  be  read  by  observing  the  point 
on  the  limb  at  which  the  indicator  stops  when  the  line  of  si^t 
is  on  the  foresight.  (See  p.  67.)  For  the  methods  of  reading 
angles  see  Chapter  VIII,  and  for  directions  for  setting  up  and 
manipulating  the  transit  see  Chapter  IX. 

(a)  Note.  Although  the  transits  manufactured  by  differ^it  instniixmit* 
makers  vary  somewhat  in  design  from  that  shown  in  the  photograph  prac- 
tically all  transits  work  on  the  general  principle  of  a  double  spindle,  in  order 
to  give  the  lower  plate  an  independent  motion.  An  exception  may  be 
noted  in  the  case  of  the  "cyclotomic  transit,"  made  by  a  San  Franciaeo 
firm,  in  which  the  lower  plate  is  stationary.  Around  the  periphery  of  this 
plate,  however,  is  a  *  noating"  graduated  ring  which  is  not  fixed  but 
possesses  that  mdependent  rotation  which  the  lower  ^ate  has  in  the  case 
of  the  double  spindle.  Instead  of  turning  the  whole  plate  around  its  ver- 
tical axis,  a  narrow  metal  band  is  turned  around  the  stationary  plate,  thus 
accomplishing  the  oame  piiipose.     See  Engineering  News,  March  19, 1896. 

(&)  Set-screws  and  tangent-scbews.  The  upper  plate  is 
clamped  to  the  lower  plate  by  means  of  the  set-screw  D.  This 
screw  is  not  attached  to  the  lower  plate,  although  it  appears 
to  be  in  the  photograph,  but  it  works  through  an  arm  E  which 
ends  in  a  collar  around  the  outside  of  the  spindle  B,  When 
the  screw  D  is  set  this  collar  is  clamped  to  B,  but  when  the 
screw  is  loose  the  arm  is  free  to  turn  about  B,  When  the  upper 
and  lower  plates  are  put  together  the  arm  E  fits  between  the 
tangent-screw  and  the  cartridge-spring  at  the  point  G,  Hence 
when  the  screw  D  is  loose  the  upper  plate  can  revolve,  taking  D 
with  it,  but  when  D  is  set  the  upper  plate  is  virtually  clamped 
to  the  lower.  By  turning  the  tangent-screw  F,  however,  the 
upper  plate  can  be  made  to  revolve  slowly,  ^provided  D  remains 
fixed;  if  D  is  loose,  turning  G  will  have  no  effect.  For  example, 
the  zero  of  the  vernier  may  be  set  approximately  opposite  the 
zero  of  the  limb,  the  screw  D  may  then  be  tightened,  and  the 
upper  plate  turned  slowly  by  the  screw  F  until  the  vernier  zero 
is  exactly  opposite  the  other  zero.  In  like  manner  when  a  line 
of  sight  is  approximately  on  a  foresight  it  may  be  brought  ex* 
acUy  on,  without  disturbing  the  lower  plate,  by  tightening  D 
and  turning  F. 

The  lower  plate  is  clamped  to  the  leveling-head  by  means 
of  the  set-screw  H.    When  this  is  tightened  it  pushes  in  a  little 
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key  (the  little  black  piece  at  the  inside  end  of  the  arm  K)  whidi 
binds  the  spindle  B,  so  that  the  lower  plate  cannot  turn.  The 
collar  C,  however,  is  not  fastened  to  the  leveling-head,  but  sim- 
ply rests  upon  it  so  that  by  turning  the  lower  tangent-screw  N 
the  arm  K  can  be  moved  slowly,  the  lower  plate  turning  with 
it,  provided  the  screw  H  is  tight;  if  H  is  loose,  turning  N  will 
move  the  arm  K  and  the  collar  C,  but  not  the  spindle  B  (a  ilie 
lower  plate).  The  screw  H  is  used  mostly  in  backsighting,  when 
the  upper  and  lower  plates  are  clamped  together  at  zero;  when 
the  line  of  sight  is  approximately  on  the  backsight  the  screw  H 
may  be  set,  and  the  lower  plate  turned  slowly  by  the  screw  N 
(taking  the  upper  plate  with  it)  until  the  line  of  sight  is  exactly 
on  the  backsight,  with  both  plates  still  clamped  together  at  zero. 
Notice  that  neither  of  the  tangent-screws  F  nor  H  is  of  any 
use  until  the  corresponding  set-screw  is  tightened.  For  the 
proper  use  of  these  screws  in  measuring  angles  see  page  91. 

Note.  In  many  transits  the  collar  C  is  formed  by  a  bent  piece,  the  two 
ends  of  which  are  prolonged  to  form  the  arm  K.  Tliese  two  ends  are  held 
together  by  a  clamp-screw  which  replaces  the  set-screw  H.  When  the 
clamp  is  loosened  the  two  ends  spring  apart,  thus  releasing  the  grip  of  the 
collar  on  the  spindle  B. 

To  control  the  movement  of  the  telescope  in  a  vertical  plane 
the  set-screw  0  works  upon  the  supporting  axis  of  the  telescope. 
When  this  screw  is  tight  the  telescope  cannot  be  moved  up  or 
down  except  by  means  of  the  tangent-screw  P.  The  set-screw 
and  corresponding  tangent-screw  shown  at  the  other  end  of  the 
supporting  axis  are  for  the  purpose  of  adjusting  the  vertical  arc 
and  are  omitted  on  many  transits.     (See  Caution,  p.  98.) 

Remark.  If  a  transit  is  in  perfect  adjustment  and  properly  set  up  it  is 
impossible  to  measure  with  it  any  except  vertical  and  horizontal  angles, 
for  when  the  telescope  is  turned  up  or  down  it  moves  in  a  vertical  plane, 
and  when  it  is  turned  sidewise  it  revolves  on  a  vertical  spindle  -4,  the  indi- 
cator passing  over  a  horizontal  graduated  arc  (lower  plate). 

(c)  Special  attachments  for  special  uses  of  the  transit  are 
as  follows: 

1.  Solar  attachment  for  observations  on  the  sun  for  meridian, 
longitude,  etc. 

2.  Gradienter  for  running  grades,  etc.     (See  p.  245.) 

3.  An  auxiliary  telescope  attached  to  the  end  of  the  support- 
ing axis  of  the  regular  telescope  for  use  in  mining. 

4.  Diagonal  o\  prismatic  eyepiece  for  sighting  at  very  high 
points. 
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5.  A  reflector  for  illuminating  the  cross-hairs  when  working 
in  the  dark. 

6.  A  compass-needle  and  -box  generally,  but  not  always  fur- 
nished on  transits. 

7.  Stadia  wires  should  be  placed  in  every  transit  intended  for 
general  work.  They  are  often  omitted,  however,  imless  specially 
ordered. 

(d)  Requirements  for  transits.  The  most  important  re- 
quirements to  be  met  in  an  ordinary  transit  are  as  follows: 

1.  The  axis  of  the  spindle  B  should  be  exactly  perpendicular 
to  the  plane  of  the  graduated  circle. 

2.  The  axes  of  the  two  spindles  A  and  B  should  coincide, 
the  conical  surfaces  should  be  parallel  and  in  close  contact. 
The  instrument  should  turn  on  either  spindle  without  play 
and  without  friction. 

3.  The  graduations  on  the  limb  should  be  accurate,  the  lines 
should  be  fine,  and  for  a  transit  reading  to  30"  or  less  the  gradu- 
ations should  be  on  solid  silver.  The  center  of  the  graduated 
circle  on  the  limb  should  be  in  the  axis  of  rotation.  (For  dififer- 
ent  graduations  of  the  limb  see  Chapter  VIII,  pp.  67-75.) 

4.  As  it  is  impossible  to  fulfil  perfectly  all  of  the  above  require- 
ments, there  should  be  two  verniers  180°  apart  for  the  purpose 
of  eliminating  errors  of  eccentricity  in  accurate  work.  (See 
pp.  101,  195.) 

5.  Theoretically,  in  order  to  avoid  parallax  the  vernier  plate 
should  be  in  the  plane  of  the  graduated  arc,  and  the  space 
between  the  two  should  be  imperceptible.  As  the  latter  con- 
dition is  impracticable,  some  makers  place  the  inner  plate 
slightly  below  the  plane  of  the  outer,  so  that  the  diagonal  line 
of  sight,  when  it  reaches  the  inner  piece,  will  strike  beyond  the 
space  between  the  two  plates  and  give  a  continuity  of  lines. 
If  this  is  done  some  provision  should  be  made  for  bringing  the 
eye  into  the  vertical  plane  passing  through  the  agreeing  division 
of  the  vernier  and  the  limb.  (For  different  forms  of  verniers 
see  pp.  78-82.) 

6.  The  relation  between  the  magnifying  power  of  the  tele- 
scope and  the  least  coimt  of  the  vernier  should  be  such  that 
the  least  perceptible  movement  of  the  vernier  will  cause  a  per- 
ceptible movement  of  the  cross-hairs  on  a  distant  object  and 
vice  versa.  (See  p.  655.)  Still  greater  power  is  desirable  for 
stadia  work.    A  similar  relation  should  exist  between  the  mag- 
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nifying  power  of  the  telescope  and  the  sensitiveness  of  the  level 
under  the  telescope  and  of  the  plate-levels.  (See  p.  545.)  For 
additional  requirements  for  telescopes  see  pp.  553  to  558. 

8.  Clamps  and  set-screws  should  hold  without  forcing,  and 
there  should  be  no  ''back  lash"  or  lost  motion  in  the  tangent- 
acrews. 

9.  The  tripod  should  be  as  hght  as  is  consistent  with  rigidity, 
and  for  convenience  in  setting  up  there  should  be  a  ''shifting- 
head." 

10.  There  are  five  additional  requirements  which  are  met  by 
adjustments,  viz.,  (1)  The  plane  of  the  plate-levels  should  be 
perpendicular  to  the  vertical  axis  of  the  spindles.  (2)  The  line 
of  coUimation  of  the  telescope  should  be  perpendicular  to  the 
supporting  axis.  (3)  The  supporting  axis  should  be  parallel 
to  the  plane  of  the  plate-levels.  (4)  The  axis  of  the  bubble 
under  the  telescope  should  be  parallel  to  the  line  of  collimation. 
(5)  The  vertical  arc  should  read  zero  when  the  line  of  collima- 
tion is  horizontal.     For  these  adjustments  see  pp.  584  to  591. 

(e)  Tests  for  the  transit.  Graduation,  Graduating  en^ 
gines  have  been  perfected  to  such  an  extent  that  no  errors  in 
graduation  are  likely  to  occur  which  can  be  detected  by  any 
simple  test  that  the  surveyor  can  make.  Errors  frequently 
nm  in  periods,  so  that  one  or  two  repetitions,  should  they  fall 
within  these  periods,  give  the  same  though  false  results.  A 
second  class  of  errors  of  graduation,  called  accidental  errors, 
follow  no  regular  law.  The  surveyor  for  the  most  part  must 
depend  upon  the  instrument-maker  to  eliminate  as  far  as  pos- 
sible both  periodic  and  accidental  errors  of  graduation. 

The  vital  point  of  any  instrument  is  the  graduation.  Defects  in  other 
parts  may  prove  an  annoyance  or  inconvenience,  and  yet  the  instrument  work 
correctly.  With  defects  of  graduation,  accuracy,  if  not  impossible,  is  a 
mere  matter  of  accident.  Defects  in  ordinary  parts  of  the  instrument  become 
evident  to  the  engineer.  In  the  graduations  they  are  unknown,  and  fre- 
quently the  only  evidence  of  their  existence  is  the  unsatisfactory  condition 
of  the  finished  work,  leaving  the  engineer  in  doubt  whether  the  unsatisfac- 
tory results  condemning  his  work  arise  from  his  own  carelessness  or  the 
imperfections  of  his  instrument.  It  is  not  necessary  that  errors  should  be 
found  in  all  parts;  the  mere  fact  that  an  error  may  exist  anywhere  is  a«f- 
ficient  to  throw  doubt  upon  the  work. — Catalog  of  Young  ana  Song, 

"Eccentricity.  The  two  opposite  verniers  should  read  exaetly 
alike  in  any  position.  Test  by  reading  both  verniers  ia  several 
positions  until  the  circle  has  been  turned  through  at  least  90°. 
If  readings  differ  by  a  constant  amount  the  verniers  are  not  set 
exactly  180"  apart.    If  they  differ  by  a  variable  amount  and 
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the  graduation  on  the  Umb  is  assumed  to  be  correct,  then  the 
center  of  the  upper  plate  (vernier  plate)  is  not  in  the  center 
of  the  graduated  circle,  i.e.,  the  vertical  axes  of  the  inner  and 
outer  spindles  do  not  coincide.  The  total  difference  in  readings 
between  two  opposite  verniers  is  generally  due  to  a  combina- 
tion of  the  two  causes.  A  similar  test  can  be  applied  to  the 
vertical  circle  if  it  has  two  opposite  verniers. 

Note.  For  tests  of  the  levels  see  page  545,  and  for  the  telescope  sea  page 
556. 

572,  The  Level  in  its  simplest  form  is  used  merely  to  es- 
tablish a  horizontal  line  of  sight  at  any  point  on  the  earth's 
surface.  All  forms  except  hand-levels  are  mounted  on  tripods 
similar  to  those  used  for  transits. 

There  are  two  distinct  types  of  tripod  levels,  the  t^?/e-level 
and  the  dumpy  level.  Each  of  these  has  but  one  vertical  spindle, 
and  is  much  less  complex  than  the  transit.  Each  has  a  leveling- 
head  similar  to  that  used  on  the  transit,  and  the  upper  part 
carries  a  telescope  with  a  level-bubble  tube  attached.  The  most 
essential  qualities  in  the  telescope  are  definition  and  magnifying 
power.  (See  p.  553.)  The  length  of  the  telescope  is  not  limited 
as  it  is  in  the  transit,  and  varies  from  12  to  22  inches  in 
ordinary  levels.  Hence  a  higher  magnifying  power  may  be 
obtained  without  sacrificing  illumination  or  field  of  view  (see 
p.  554);  it  should  not  be  less  than  30  diameters.  Unless  the 
stadia  is  used  flatness  of  field  is  not  so  essential.  An  inverting 
eyepiece  is  better  than  an  erecting  eyepiece.  The  bubble-tube 
can  be  made  longer  than  that  on  the  transit  telescope,  and 
thus  a  greater  radius  of  curvature  secured,  increasing  the  sen- 
sitiveness of  the  bubble  to  correspond  to  the  increase  in  mag- 
nifying power.  Sensitiveness  should  not  be  less  than  0.01  ft.  =  30", 
and  may  be  increased  to  less  than  10"  in  the  larger  instruments. 
It  is,  of  covurse,  especially  important  that  the  level-bubble  should 
have  the  other  good  qualities  mentioned  on  page  544.  Another 
requirement  in  a  good  level  is  stability,  and  this  depends  mainly 
upon  the  leveling-head.  Four  leveling-screws  are  furnished 
on  ordinary  levels,  although  three  give  greater  stability  and 
delicacy.  The  spindle  should  be  long  and  well  fitted  to 
the  socket,  and  the  whole  upper  part  of  the  instrument  should 
be  well  balanced  when  the  telescope  is  focused  for  the  average 
length  of  sight. 

(a)  Thb  Wye-lbvbl,  so  called   because  the  telescope  rests 
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in  two  Y-shaped  supports,  has  two'  distinguishing  character- 
istics: (1)  The  telescope  may  be  revolved  about  its  own  axis 
as  it  rests  in  the  wyes,  and  (2)  it  may  be  taken  out  of  the  wyes 
and  replaced,  turned  end  for  end.  The  object  of  this  construc- 
tion is  to  facilitate  adjustment  (see  p.  592),  but  imless  the  diam- 
eters of  the  rings  or  collars  are  exactly  the  same,  perfect  adjust- 
ment is  impossible  by  the  indirect  method.  Even  if  the  lings 
are  alike  to  start  with  they  are  subject  to  wear  that  is  seldom 
the  same  on  the  two  rings.  Hence  if  the  level  attached  to  the 
telescope  is  adjusted  in  the  usual  manner  by  reversing  it  end 
for  end  in  the  wyes,  it  may  be  adjusted  parallel  to  the  bottom 
of  the  collars  and  not  parallel  to  the  line  of  sight.  Most  wye- 
levels  are  subject  to  this  imcertainty  of  adjustment  imless  the 
''peg  method"  is  used.  (See  p.  597.)  To  overcome  this  objec- 
tion some  makers  furnish  a  ''reversion"  bubble-tube,  the  glass 
of  which  is  ground  barrel-shape  and  graduated  on  the  bottom 
as  well  as  on  the  top.  The  arithmetical  mean  of  two  readings, 
one  with  the  telescope  normal,  the  other  with  it  revolved  180** 
about  its  own  axis  until  the  bubble-tube  is  on  top,  is  correct, 
though  the  rings  may  be  of  unequal  diameters.  In  any  form  of 
wye-level  there  should  be  some  device  for  stopping  the  tele- 
scope, as  it  is  revolved  about  its  own  axis,  when  the  vertical 
hair  becomes  truly  vertical. 

(b)  The  dumpy  level  is  one  in  which  the  telescope  is  attached 
to  the  bar  in  such  a  way  that  it  cannot  be  revolved  about  its 
own  axis  or  taken  out  of  its  supports  and  turned  end  for  end. 
Though  less  convenient  to  adjust  than  the  wye-level  it  holds 
its  adjustment  longer.  As  the  line  of  sight  is  adjusted  by  the 
"peg  method,*'  the  uncertainty  of  adjustment  mentioned  in 
connection  with  the  wye-level  is  avoided.  The  dumpy  level 
is  more  simple  and  compact  than  the  wye-level,  and  if  equally 
well  made  it  will  do  as  accurate  work.  Some  of  the  most  per- 
fect levels  made  and  used  in  work  of  great  precision  are  of  this 
type.* 

(c)  Special  forms  op  levels.  Levels  of  precision  are  simply 
wye-levels  or  dumpy  levels  made  with  the  greatest  care,  and 
having  some  modifications  and  attachments  designed  to  in- 
crease the  accuracy  of  the  work.  (See  page  275.)  Hand-levels, 
such  as  Lockers  Hand-level,  are  for  rough  work  and  are  used 

*  See  Engineering  News,  July  2,  1903,  for  a  description  of  one  of  the  latest 
precise  leveling  instruments. 
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mostly  for  locating  contours  in  topographic  surveying.  (See  p. 
233.)  To  this  class  also  belongs  the  Clinometer  or  Ahney  Hand- 
level,  which  is  a  modification  of  the  Locke  level,  having  a  sup- 
plementary telescope  and  graduated  arc  for  reading  vertical 
angles.  For  work  of  medium  accuracy  there  are  varieties  of 
levels,  such  as  the  Architects  Level,  which  are  simply  cheaper 
forms  of  the  wye -level  or  the  dumpy  level. 

Note,  By  exercising  a  little  ingenuity  home-made  levels  may  be  devised, 
which  can  oe  used  for  rough  work.  For  example,  a  right  an^e  may  be 
constructed  of  two 'wooden  pieces  and  pivoted  to  a  staff;  the  vertical  leg 
is  made  vertical  by  a  plumb-line  attached  to  the  upper  comer,  and  the 
line  of  sight  directed  along  the  horizontal  leg.  Another  form  is  the  well- 
known  A-level  in  waich  the  plumb-line  is  attached  to  the  apex  of  the  A 
and  the  line  of  sight  directed  along  the  horizontal  bar.  This  form  may  be 
adjusted  by  placing  the  two  bottom  points  of  the  A  on  two  rigid  supports, 
marking  the  point  at  which  txie  plumb-line  crosses  the  horizontal  bar. 
reversing  the  A  on  the  supports,  marking  a  second  point  on  the  bar,  ana 
taking  a  final  point  half-way  between.     If  the  A-level  is  held  so  that  the 

Elumb-line  passes  througa  this  final  i)oint,  the  horizontal  bar  will  be  truly 
orizontal.  There  are  also  forms  of  water-levels,  such  as  a  U-shaped  tube 
with  water  in  it.  or  even  a  bucket  of  water  wita  a  wooden  float  and  two 
4ipright  sticks  to  serve  as  sights.  A  carpenter's  square  and  plumb-bob  are 
frequently  used  for  establishing  a  horizontal  line. 

(e)  Tests  for  the  level.  (1)  Sensitiveness  of  the  bubble. 
(See  p.  545  for  test.)  (2)  Magnification:  The  least  displacement 
of  the  bubble  should  cause  a  perceptible  movement  of  the  cross- 
hair, otherwise  the  magnifjdng  power  is  too  low.  (See  p.  555.) 
(3)  The  optical  center  should  move  in  the  line  of  collimation 
as  the  objective  is  moved  from  the  shortest  to  the  longest  focus. 
(See  Suggestion  8,  p.  594>  for  test.)  (4)  The  diameter  of  the 
rings  on  a  wye-level  should  be  exactly  equal.  (See  Remark, 
p.  597,  for  test.)     (5)  For  other  tests  of  telescope  see  p.  556.). 

573.  Leveling;- rods  may  be  divided  into  two  classes: 
(1)  target  rods  and  (2)  self-reading  or  speaking  rods.  Although 
the  self-reading  rod  is  usually  provided  with  a  target  for  use 
in  accurate  work,  the  graduation  on  the  rod  is  such  that  the 
levelman  can  take  direct  readings  through  the  telescope  without 
the  aid  of  a  target.  Experiments  show  that  the  difference  in 
precision  between  target  readings  and  direct  readings  is  not 
as  great  as  is  generally  supposed,  and  that  it  is  a  waste  of  time 
to  use  a  target  in  a  large  part  of  ordinary  leveling.  (See  p.  271.) 
The  two  types  of  leveling-rods  most  used,  the  New  York  rod 
and  the  Philadelphia  rod,  are  illustrated  on  pages  228  and  230. 
The  former  is  a  target  rod  and  the  latter  a  self-reading  rod. 
Frequently,  however,  the  sights  are  so  short  that  the  New  York 
rod  can  be  used  as  a  self-reading  rod,  and  for  this  reason  the 
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upper  half  should  be  graduated  on  the  front  face.  Many  rod- 
makers  fail  to  do  this  and  it  may  be  necessary  for  the  engineer 
to  do  it  for  himself.  There  are  many  patterns  of  self -reading 
rods  in  use.     (See  Stadia  Rods,  p.  574.) 

(a)  Targets.  The  quadrant  target  shown  on  pages  228  and 
230  is  of  the  type  most  used.  Another  form  called  the  dia- 
mond target  gives  better  results  for  long  sights.  There  are 
several  other  patterns  in  use.  Targets  are  provided  with  a 
vernier  as  shown  on  the  New  York  rod,  page  230,  or  with  a  scale 
as  shown  on  the  Philadelphia  rod,  page  228.  The  angle  target, 
in  which  the  right-hand  half  is  at  right  angles  to  the  left-hand 
half,  is  a  special  form  devised  to  insure  the  rod  being  held  per- 
pendicular to  the  Une  of  sight.     (See  p.  270.) 

(6)  Special  forms  op  leveling-rods.  A  hinge  rod,  in  which 
the  upper  half  is  fastened  to  the  lower  by  a  hinge,  is  sometimes 
used  in  place  of  the  ordinary  extension  rod.  Better  than  either 
of  these  for  accurate  work  is  the  single-piece  rod,  since  the 
errors  that  are  likely  to  be  caused  by  any  form  of  joint  are 
avoided.  There  are  various  other  forms,  such  as  rods  on  which 
the  target  is  moved  up  and  down  by  an  endless  chain,  and  flexi- 
ble rods  which  are  simply  canvas  strips  graduated  like  a  self- 
reading  rod.  These  strips  when  rolled  up  can  be  carried  in  the 
pocket;  when  tacked  to  a  straight  board  they  answer  very 
well  for  a  self-reading  rod. 

The  automatic  leveling-rod  is  a  special  form  of  self-reading  rod 
which  gives  the  elevation  of  points  directly  without  arithmetical 
work.  It  consists  of  an  endless  steel  band  passing  over  rollers 
at  the  top  and  bottom  of  a  wooden  rod.  The  graduation  is 
painted  on  the  band  to  correspond  to  that  of  a  self -reading  rod, 
but  reads  downward  instead  of  upward.  In  using  the  rod  the 
band  is  set  for  every  backsight  by  moving  it  until  the  graduation 
mark  which  corresponds  to  the  elevation  of  the  point  on  which 
the  rod  is  held  comes  into  the  line  of  sight.  For  examj^e,  if  the 
elevation  of  the  point  where  a  backsight  is  taken  is  94.83,  the 
band  is  moved  until  the  4.83-mark  comes  into  the  line  of  sight. 
If  now  the  rod  is  held  on  any  other  point,  the  line  of  sight  will 
strike  the  tape  at  a  graduation  mark  corresponding  to  the  ele- 
vation of  that  point,  provided  the  tape  has  not  been  disturbed 
between  the  backsight  and  foresight.  Thus  elevations  are  read 
directly,  and  the  backsight  and  foresight  columns  are  entirely 
eliminated  from  the  level  notes.    This  form  of  rod  is  very  use- 
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ful  in  taking  topography  and  in  cross-section  work.  Rods  made 
according  to  the  same  general  principle  are  described  in 
Engineering  News,  Sept.  13,  1900,  and  March  12,  1903. 

(c)  The  plumbing-level  consists  of  a  round  level  vial  which 
may  be  held  against  the  rod  or  fastened  to  it.  It  is  used  for 
determining  when  the  rod  is  perpendicular,  and  adds  greatly 
to  the  accuracy  of  the  work.  Some  such  device  should  always 
be  used  in  work  of  great  precision. 

574.  Stadia  Rods  are  of  two  kinds:  target  and  self -reading. 
The  former  has  two  targets  both  of  which  must  be  set  for  every 
sight  taken.  It  may  be  slightly  more  accurate,  but  it  is  far 
less  convenient  than  the  self -reading  rod,  and  is  seldom  used  in 
ordinary  work.  It  is  sometimes  used  for  exceptionally  long 
sights. 

There  is  a  large  variety  of  self-reading  stadia  rods  in  com- 
mon use.  Many  engineers  prefer  to  graduate  their  own  rods, 
using  the  pattern  best  suited  to  their  work.  All  of  the  rods  in 
Fig.  574  are  graduated  with  the  foot  as  a  imit.  Rods  No.  1 
and  No.  6  are  often  graduated  with  the  meter  as  a  vmit.  In 
Fig.  574  the  space  between  the  top  and  bottom  dotted  lines 
corresponds  to  10  ft.  on  the  ground,  while  each  of  the  small 
spaces  between  the  dotted  lines  corresponds  to  2  ft.  on  the 
ground. 

The  first  two  rods  are  suitable  for  long  sights,  the  last  three 
for  short  sights.  The  difference  in  accuracy,  however,  is  not  as 
great  as  at  first  appears,  for  distances  can  be  estimated  on  the 
first  two  rods  almost  as  closely  as  they  can  be  read  on  the  last 
three.  Moreover,  the  large  number  of  subdivisions  on  each  of 
the  last  three  rods  leads  to  confusion  in  counting  the  marks  in- 
cluded between  the  stadia  wires. 

Whatever  pattern  is  used  there  should  be  sufficient  white 
background  at  any  point  on  the  rod  to  make  a  stadia  wire  cover- 
ing that  point  very  clear  and  distinct  to  an  observer  looking 
through  the  telescope.  Rods  No.  1  and  No.  5  (U.  S.  Coast 
and  Geodetic  Siuvey  rods)  and  rod  No.  4  (described  by  Mr.  T.  J. 
McMinn  in*  Engineering  News,  Oct.  22,  1896),  are  excellent 
in  this  respect,  while  rod  No.  2  is  defective  at  those  points 
where  the  black  spaces  so  nearly  cover  the  width  of  the  rod. 
Rod  No.  2  was  used  on  the  Oswego-Mohawk  Ship  Canal  Survey, 
but  the  width  of  the  rod  was  somewhat  greater  in  proportion 
to  the  size  of  the  black  spaces  than  that  shown  in  the  cut. 


574 


SURVEYING  INSTRtJMENTS 


(a)  DireetUms  for  making  stadia  rods.  The  rod  should  be  from  4  to  6 
inches  wide,  about  i  inch  thick,  and  from  10  to  14  ft.  long,  made  of  straight- 
grained  white  pine  free  from  knots  and  planed  smooth.  A  thin  strip 
fastened  secureiy  to  each  edge  and  projecting  sligatly  in  front  of  the  face 
serves  to  stiffen  the  rod  and  also  protects  the  graduation.  If  the  side  strips 
are  left  off,  the  comers  should  be  rounded  sugbtly,  and  a  stiffening  strip 
about  ly  thick  by  |"  screwed  to  the  back.  For  protection  and  convenience 
in  transportation,  some  engineers  prefer  rods  ninged  at  the  middle,  so  that 
the  upper  and  lower  halves  may  be  folded  together,  faces  inward.  A  metal 
shoe  may  be  screwed  to  the  bottom  of  the  rod  and  thin  metal  strengthening 
plates  fastened  on  the  back  at  the  top  and  bottom. 


Fig.  574. 

At  least  two  good  coats  of  white  paint  should  be  given  the  rod;  it  is 
better  to  give  the  rod  a  preliminary  coat  of  shellac,  and  then  several  coats 
of  paint,  rubbing  each  coat  down  after  it  is  dry  to  a  smooth  dull  finish. 
If  the  rod  is  to  be  graduated  to  suit  a  fixed  stadia  interval,  the  unit  of  length 
may  be  determined  by  the  method  explained  on  page  304.  Ordinarily, 
however,  the  rod  is  divided  into  feet  and  tenths,  or  into  meters  and  deci- 
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meters,  by  means  of  a  scale,  beginning  about  3  inches  from  the  bottom.  The 
pattern  should  be  first  penciled,  then  ruled  with  a  right-line  pen  filled  with 
paint  and  finallv  filled  in  with  a  camel's-hair  brush.  A  dml  black  paint 
may  be  used  throughout,  although  some  engineers  prefer  to  emphasuEe 


certain  division-marks,  as,  for  example,  the  even  foot-marks,  by  painting 
them  red.  Sometimes  such  marks  are  numbered,  but  it  is  doubtful  if  this 
is  of  any  advantage.  If  desired  the  whole  rod  may  be  coated  with  a  dur- 
able, elastic  varnish  rubbed  down  to  a  dull  finish.  The  rod  should  be  allowed 
to  dry  thoroughly  before  using. 

575.  The  Surveyor's  Compass  in  its  simplest  form  is 
mounted  on  a  single  staff,  but  in  its  usual  form  it  is  mounted 
on  a  tripod.  The  upper  part  consists  of  a  horizontal  arm  having 
two  uprights  or  sight  vanes,  with  a  compass-box  between  them. 
There  are  various  devices  for  attaching  this  upper  part  to  the 
tripod,  such  as  a  ball-and-socket  joint,  a  leveling-head  simi- 
lar to  that  used  on  transits,  and  in  some  instruments  a  com« 
bination  of  the  two.  The  needle  should  be  so  sensitive  that 
when  it  is  attracted  to  one  side  by  a  piece  of  iron  held  a  foot 
or  so  away  it  will  settle  in  its  original  position  several  times  In 
succession.  Sensitiveness  depends  upon  the  sharpness  and  per- 
fect form  of  the  pivot,  the  form  and  smoothness  of  the  cup,  the 
shape  and  balance  of  the  needle,  and  the  strength  of  its  mag- 
netism. A  good  needle  properly  charged  does  not  often  lose 
its  magnetism,  and  hence  in  the  majority  of  cases  a  sluggish 
needle  is  due  to  the  dulling  of  the  pivot-point,  or  to  the  scratch- 
ing of  the  cup.  As  it  is  difficult  to  sharpen  a  pivot,  special 
precautions  should  be  taken  to  avoid  dulling  it,  such,  for  ex- 
ample, as  lifting  the  needle  off  the  pivot  when  not  in  use.  (See 
p.  294.)  The  extreme  ends  of  the  needle  should  come  close  to 
the  graduated  circle  and  should  h'e  in  the  same  plane  with  it  to 
avoid  parallax  in  reading.  The  center  of  the  needle  and  the  two 
ends  should  lie  in  the  same  vertical  plane,  so  that  if  the  pivot 
is  in  the  center  of  the  graduated  circle  the  readings  of  the  two 
ends  of  the  needle  will  agree.  The  magnetic  axis  of  the  needle 
should  coincide  with  its  geometric  axis.  The  plane  passing 
through  the  slits  of  the  sight  vanes,  in  which  the  line  of  sight  is 
contained,  should  pass  through  the  zero-points  of  the  graduated 
circle  and  be  at  right  angles  to  the  plane  of  this  circle.  The 
above  are  the  most  important  requirements  for  a  good  compass; 
most  of  them  depend  wholly  upon  the  process  of  manufacture, 
while  a  few  may  be  met  by  proper  adjustment  of  the  instrument. 
(See  p.  602.) 

(a)  SsBCiAL  FORMS  OP  COMPASSES.  When  the  plain  compass 
described  above  has  a  movable  vernier  for  setting  off  the  mag- 
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netic  declination  it  is  called  a  vernier  compass.  The  prismatic 
compass  used  for  less  accurate  work  has  a  triangular  glass  prism 
and  a  mirror  by  means  of  which  the  needle  may  be  read  at  the 
same  time  that  a  sight  is  taken;  this  is  an  advantage  when  the 
instrument  is  held  in  the  hand  instead  of  being  moimted  on  a 
JacobVstaff  or  a  tripod.  Compasses  are  sometimes  provided 
with  a  graduation  for  reading  angles  independently  of  the  needle, 
but  the  precision  which  can  be  obtained  with  open  sights  is 
hardly  sufficient  to  warrant  this.  Telescopes  sometimes  replace 
the  open  sights,  but  if  the  work  is  of  such  a  nature  as  to  require 
a  telescope,  it  is  better  to  use  a  hght  transit  in  place  of  the  com- 
pass. The  solar  compass,  formerly  used  in  land  surveys  for 
determining  the  true  meridian  by  an  observation  on  the  sun, 
has  now  been  replaced  almost  entirely  by  the  solar  attachment 
on  the  transit  which  is  constructed  on  the  same  general  prin- 
ciples.    (See  Appendix  I.) 

(6)  Tests  for  the  compass.  (1)  Stretch  a  fine  thread 
through  the  two  sight  vanes.  The  north  and  south  points  of 
the  graduated  circle  and  the  zero  of  the  decUnation-arc  vernier 
should  be  directly  underneath  this  thread.  (2)  Test  the  sen- 
sitiveness of  the  needle  to  see  if  it  will  settle  several  times  in 
succession  at  the  same  reading  after  being  attracted  to  one 
side.  (3)  By  means  of  a  transit  set  stakes  about  200  ft.  from 
a  station  at  angular  intervals  of,  say,  30°  until  a  circle  is  com* 
pleted.  Set  the  compass  over  the  station  and  sight  at  each 
stake  in  succession,  noting  the  needle  readings.  If  at  any 
point  the  change  in  the  needle  reading  is  not  30°  from  that 
of  the  preceding  reading,  and  if  all  sources  of  attraction  outside 
of  the  compass  have  been  carefully  removed,  it  is  probable  that 
the  metal  of  the  compass-box  contains  some  magnetic  substance, 
as,  for  example,  iron  mixed  with  the  brass.  If  a  compass  has  a 
long  dechnation  arc  and  vernier,  the  transit  may  be  dispensed 
with  in  the  above  test,  the  angles  being  turned  off  by  means 
of  the  vernier. 

576.  The  Plane-table.  A  complete  plane-table  consists 
'  of  a  drawing-board  mounted  on  a  tripod  and  an  alidade  consist- 
ing of  a  thin  flat  straight-edge  upon  which  is  mounted  a  tele- 
scope and  vertical  arc. 

The  board  varies  in  size  from  15"X15"  for  a  traverse  board 
up  to  24"X30"  for  a  regulation  plane-table.  It  should  be  con- 
structed so  that  it  will  not  warp  and  its  upper  surface  should 
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be  a  Binooth  ptam^  two  conditions  difficult  to  fulfil.  There  are 
various  devices  for  fastening  the  paper  to  the  board,  of  which 
screw-tacks  are  perhaps  the  best.     (See  393  (3),  p.  327.) 

The  drawing-board  is  connected  to  the  tripod  by  a  mechanism 
which  supports  the  board^^yet  leaves  it  free  to  revolve  in  a  hori- 
zontal plane.  If  the  diameter  of  this  support  is  small  the  board 
is  likely  to  be  imstable,  while  if  the  diameter  is  large  the  instru- 
ment is  likely  to  be  heavy  and  cumbersome.  The  maximum  of 
rigidity  and  strength  is  probably  obtained  by  the  use  of  radiating 
arms  which  support  the  board.  For  ordinary  work,  however, 
a  lighter  and  more  portable  instrument  with  a  quick  leveling 
device  is  desirable.  An  excellent  form  is  that  adopted  by  the 
tJ.  8.  Geological  Survey  and  known  as  JohnaoWa  plane- 
table. 

(a)  Alidade.  The  telescope  should  be  equal  to  that  on  an 
ordinary  transit.  As  vertical  angles  are  frequently  of  great 
importance  in  plane-table  work,  the  diameter  of  the  vertical  arc 
should  be  large  and  the  sensitiveness  of  the  bubble  should  be  in 
proportion,  as  pointed  out  in  the  specifications  for  a  transit 
(p.  667).  The  axis  of  the  telescope  should  be  parallel  to  the 
edge  of  the  metal  straight-edge. 

(6)  Accessories.  A  small  compass-box,  sometimes  called  a 
declinator,  is  required  for  determining  the  magnetic  meridian. 
Levels  for  leveling  the  board  are  also  required.  Sometimes  they 
are  attached  to  the  ruler  of  the  alidade,  sometimes  they  are 
combined  with  the  compass-box.  A  plumbing'har  is  occasion- 
ally required  and  should  be  furnished  with  the  instrument. 
Drawing-instruments,  scale,  etc.,  a  water-proof  cover,  a  case  for 
.  the  drawing-paper,  and  a  sunshade  complete  the  outfit. 

(c)  Traverse  boards  are  small  plane-tables  used  for  rough 
work,  such  as  sketching  in  contours  in  topographic  surveys. 
In  place  of  the  telescope  two  slotted  uprights  or  open  sights  are 
used. 

(d)  Tests  for  plane-table.  The  edge  of  the  ruler  which 
forms  the  base  of  the  alidade  should  be  straight.  (See  test  for 
straight-edge,  p.  438.)  To  see  if  the  upper  surface  of  the  board 
is  a  plane  lay  a  straight-edge  on  it  in  all  directions.  If  it  is 
only  a  little  out  it  may  be  scraped  or  planed  down,  and  then 
smoothed  with  sandpaper. 

577.  The  Sextant.  The  distinguishing  characteristic  of 
the  sextant  is  the  arrangement  of  mirrors,  which  enables  the 
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observer  to  sight  at  two  dififerent  objects  simultaneously,  and 
thus  to  measure  an  angle  at  a  single  observation.  While  other 
instruments  must  be  kept  stationary  during  the  time  between 
the  backsight  and  the  foresight,  the  sextant  may  be  held  in 
the  hand,  since  the  two  sights  are  taken  at  the  same  time,  and 
horizontal,  vertical,  or  inclined  angles  may  be  measured  very 
accurately  even  though  the  instrument  is  in  motion.  For  this 
reason  the  sextant  is  used  for  observations  at  sea.  In  surveying 
it  is  used  for  measuring  angles  from  a  boat  to  points  on  shore 
when  locating  soundings,  buoys,  etc.,  by  the  method  shown  in 
Fig.  197,  p.  137;  it  is  also  used  in  reconnaissance  work,  explora- 
tions, geological  surveys,  and  for  solar  observations. 

(a)  To  MEASURE  A  HORIZONTAL  ANGLE.   In  Fig.  677  (o) 

let  B  represent  the  mirror  or  index-glass  which  is  rigidly  attached 

to  the  vernier  arm  BH,  Let  C 
represent  the  horizon-glass,  the 
lower  portion  of  which  is  a  mirror, 
and  the  upper  portion  clear  glass. 
The  colored  glasses  may  be  turned 
back  out  of  the  way  except  when 
making  observations  on  the  sun, 
when  they  will  be  needed  to  pro- 
tect the  eye.  Usually  three  eye- 
pieces are  furnished:  one  for  or- 
dinary terrestrial  work,  one  for 
astronomical  work,  and  one  with- 
out magnifying  power. 

T^et  A  and  D  be  the  two  points 

sighted  at,  and  E  the  eye  of  the  observer;  then  the  angle  required 

ia  AED. 

(1)  Holding  the  sextant  in  one  hand  by  the  handle  imder- 
neath,  bring  the  plane  of  the  graduated  arc  JK  into  the  plane 
of  the  eye  and  the  two  points  A  and  D. 

(2)  Sight  through  the  upper  portion  (clear  glass)  of  the  hori- 
zon-glass C  directly  at  D  and  swing  the  vernier  arm  BH  (thus 
turning  the  index-glass  B)  until  the  image  of  A  reflected 
from  B  to  the  lower  half  (mirror)  of  C  appears  superimposed 
upon  D. 

(3)  Clamp  the  vernier  and  by  means  of  the  tangent-screw 
bring  the  imagtd  of  A  and  D  into  exact  coincidence. 

(4)  Read  the  vernier.    The  reading  is  the  angle  AED,  but 
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unless  these  three  points  lie  in  a  horizontal  plane  the  angle  is 
not  a  true  horizontal  angle.  In  most  cases,  however,  where  the 
sextant  would  be  used,  the  difference  between  the  angle  and  its 
horizontal  projection  would  be  a  negligible  quantity. 

(6)  Practical  suggestions.  (1)  It  is  a  little  difficult  at  first  to  bring  the 
two  images  into  coincidence,  especially  if  the  observer  is  in  a  boat,  where 
on  account  of  the  unsteady  motion  it  may  be  necessary  to  make  quick 
observations.  In  such  a  case  it  is  often  best  to  dispense  with  the  use  of  the 
eyepiece  altogether;  simplv  place  the  eye  at  the  center  of  the  ring  from 
which  the  ey^iece  has  been  removed  and  proceed  as  if  looking  through 
a  telescope.  This  is  a  ^ood  way  in  which  to  become  accustomed  to  the 
use  of  the  sextant,  and  it  will  be  found  that  anf^es  can  be  measured  by 
this  method  with  surprising  accuracy.  (2)  Sight  through  the  telescope 
directly  at  the  fainter  object,  so  that  the  bright-er  object  will  be  the  one 
reflected.  To  do  this  it  may  be  necessary  to  hold  the  sextant  ui>side  down. 
(3)  Do  not  try  to  hold  the  images  still  in  the  field  of  view,  but  find  the 
nnal  position  of  the  vernier  arm  by  a  series  of  observations,  twisting  the 
wrist  to  produce  a  regular  oscillating  motion,  and  noting  the  relation  of 
the  reflected  image  to  the  direct  image  as  they  come  together.  (4)  The 
adjusting  screw  that  moves  the  tetescoi>e  to  or  from  the  plane  of  the  arc 
is  for  the  purpose  of  centering  the  two  images  and  making  them  equally 
bright.  (5)  Keep  the  fingers  off  the  graduation,  as  it  tarnishes  easily. 
(6)  The  decrees  on  the  arc  are  numbered  to  correspond  to  twice  their 
value,  that  is,  each  degree  is  marked  two  degrees,  etc.,  as  explained  below. 
The  sextant  is  so  called  because  the  arc  is  about  60°  long,  but  angles  may 
be  measured  to  120**  or  more.  (7)  The  index  correction  should  be  deter- 
mined as  accurately  as  the  angle  is  to  be  measured.     (See  p.  606.) 

(c)  Vertical  angles  may  be  measured  by  holding  the  sex- 
tant so  that  its  arc  lies  in  a  vertical  plane.  In  observations  on 
the  sun  an  artificial  horizon,  such  as  a  shallow  box  of  mercury, 
is  used;  the  image  of  the  sun  m  this  reflecting  surface  and  the 
sun  itself  are  the  two  objects  sighted  at,  the  resulting  angle  bemg 
the  double  altitude  of  the  sun. 

(d)  The  theory  op  the  sextant.  If  a  ray  of  light  is  re- 
flected successively  from  two  plane  mirrors  the  angle  between 
the  first  and  last  directions  of  the  ray  is  twice  the  angle  between 
*he  planes  of  the  two  mirrors. 

Proof.    In  Pig.  677  (a)  let  FO  and  CO  be  drawn  perpendicular  to  the 

S lanes  of  the  mirrors  B  and  C  respectively.     Let  the  rav  from  A  be  de- 
ected  at  £  to  C,  and  again  at  C  to  ^.     Since  the  angle  of  incidence  equals 
the  angle  of  reflection, 

ABF^FBC    and     BCO=GCE\ 
also  by  geometry  BGC=^CHB. 
BEC  - 180°  -  EBC  -  BCE  ^ABC-  BCE. 
BGC''^'*-GBC-'BCG  ^hABC-^BCE. 
:.  BEC^^QC^2CUB, 

When  the  mirrors  are  brought  into  jparallel  planes  CUB  becomes  leio 
Mid  hence  the  angle  AED  will  oe  aero,  i.e.  the  rays  from  A  and  D  are  par- 
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allel.*  This  gives  the  position  of  the  arm  for  a  readins  of  0°.  If  the  arm 
is  moved  to  any  point  as  H,  the  zero  of  the  vernier  will  move  over  the  arc 
an  angular  distance  equal  to  the  an^e  between  the  mirrors,  which,  aa 
shown  above,  is  one  half  of  the  required  angle  BEC  or  A  ED.  For  tais 
reason  the  arc  is  numbered  to  give  at  once  the  angle  required  at  B,  i.e. 
each  degree  is  counted  as  twice  its  real  value. 

*  A  ray  which  comes  from  any  point  to  the  eye  throufi^  the  horijK>n> 
gjOiaa  is  not  strictly  oarallel  to  a  ray  from  the  same  point  coming  to  the 
eye  indirectly  by  renection,  since  the  index-glass  is  several  inches  out  of 
the  direct  line  of  sight,  but  for  sights  more  than  1000  ft.  the  error  would 
not  exceed  from  30  to  40  seconds  (see  table,  p.  105).  and  for  sights  of  a 
mile  or  more  it  is  inappreciable. 


CHAPTER  XLVI 


ADJUSTMENTS 


Ths  actual  work  of  adjusting  a  mirvesring  inatrument  is  comparatively 
simple  and  easy  once  the  reasons  for  the  various  steps  are  clearly  under- 
stood. If,  on  the  other  hand,  the  reasons  are  not  clear,  and  the  student 
is  content  simply  to  follow  directions  such  as  those  printed  in  catalogs  of 
instruments,  he  Is  not  likely  to  work  intelligently  or  to  gain  confidence  in 
his  ability  to  adjust  an  instrument.  The  aim  m  this  chapter,  therefore, 
is  to  lead  the  student  to  a  thorough  understanding  of  fundamental  prin^ 
ciples,  so  that  if  he  forgets  the  methods  and  order  of  adjustments  (as  ha 
almost  suredy  will)  he  will  be  able  to  reason  them  out  for  himself  instead 
of  relying  upon  hia  memory  or  upon  printed  directions. 

The  adjustments  explained  are  those  of  the  transit,  the  level,  the  com* 
pass,  the  plsme-table.  and  the  sextant. 


578.  Why  Adju^ttnents  are  Necessary.  When  an  instru- 
ment leaves  the  hands  of  the  maker  it  should  be  in  complete 
adjustment.  There  are  certain  parts,  however,  which  are 
likely  to  be  deranged  by  accident  or  by  continuous  use.  Accu- 
rate work  can  often  be  done  with  an  instrument  out  of  adjust- 
ment, provided  certain  methods  of  eliminating  errors  are  fol- 
lowed, as  for  example,  the  method  of  double  reverse,  page  92, 
but  such  methods  involve  extra  labor,  and  hence  it  saves  time 
to  keep  an  instrument  in  adjustment.  Moreover,  there  are  some 
errors  which  cannot  be  eliminated  except  by  adjusting  the 
instrument.  A  good  instrument  will  sometimes  stay  in  adjust- 
ment for  months,  nevertheless  all  instruments  should  be  tested 
frequently.  In  accurate  leveling,  for  instance,  the  level  should 
be  tested  at  least  once  a  day.  The  more  accurate  the  instru- 
ment and  the  more  exacting  the  requirements  the  more  atten- 
tion should  be  paid  to  the  adjustments.  No  man  therefore  is 
a  competent  sur\'eyor  who  is  unable  to  adjust  his  instruments. 

579.  General  Sus:g:e8tion8.  The  following  suggestions  apply 
to  the  adjustment  of  all  surveying  instruments:  (1)  For  each 
instrument  there  are  usually  several  adjustments.  Each  adjust- 
ment consists  of  two  steps:  first  a  test  to  determine  the  error, 
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and  then  the  correction  of  this  error  by  turning  certain  adjusting- 
screws  or  nuts.     In  most  cases  this  is  done  by  inserting  an  adjust- 
ing-pin,  hence  the  terms,    capstan  screws   and   capstan  nuts. 
(2)  The  adjusting-pin  should  fit  snugly  into  the  hole,  otherwise 
the  holes  will  become  worn  and  out  of  shape.     In  an  emergency 
a  wire  nail  can  be  used.     (3)  If  all  of  the  adjustments  are  badly 
out,  do  not  perfect  the  adjustments  one  at  a  time,  but  rather 
bring  the  whole  instrument  to  a  nice  adjustment  by  repeating 
the  entire  series  as  many  times  as  may  be  necessary.     This  is 
because  the  adjustment  of  one  part  may  affect  some  other  part 
already  adjusted.     Hence  the  final  step  in  the  adjustment  of  any 
instrument  is  to  test  each  adjustment  to  see  that  none  has  been  dis- 
turbed.    For  this  reason  select  a  place  where  the  adjustments 
may  be  made  in  succession  without  disturbing  the  instrument. 
(4)  In  making  any  one  adjustment  the  test  and  correction  should 
be  repeated  a  niunber  of  times.     It  will  save  time  not  to  split 
hairs  during  the  early  part  of  the  adjustment,  but  the  more 
nearly  the  adjustment  is  perfected  the  more  carefully  it  should 
be  made.     (5)  An  instrument  will  stay  in  adjustment  longer 
if  screws  and  nuts  are  left  in  perfect  contact  with  the  surfaces 
against  which  they  operate.     For  example,  after  a  screw  has 
come  to  bearing,  a  slight  turn  of  the  adjusting-pin  of,  say,  20** 
will  "set"  it  so  that  it  is  not  easily  disturbed.     Undue  strain 
however  should  be  avoided.     (6)  Before  attempting  to  adjust 
cross-hairs  study  carefully  the  note  on  page  550  and  the  photo- 
graph on  page  551.     Tightening  the  capstan  screws  which  move 
the  cross-hair  ring  does  not  affect  the  tightness  of  the  cross-hairs, 
but  if  too  tight  the  whole  telescope  may  be  affected.     If  one 
pair  of  screws  is  fastened  tightly  while  the  other  pair  at  right 
angles  is  being  turned,   undue  strain  may  be  brought  on  the 
first  pair  if  the  adjustment  is  considerable.     In  such  a  case 
loosen  all  four  screws  slightly  before  working  either  pair.     (7)  In 
adjusting  cross-hairs  take  the  least  important   first,  i.e.,  the 
horizontal  hair  in  a  transit  telescope  and  the  vertical  hair  in  the 
telescope  of  a  level.     (8)  In  this  book  the  line  between  the  inter- 
section of  the  cross-hairs  and  the  center  of  the  object-glass  is 
called  the  line  of  sight,    A  distinction  is  made  between  this 
line  and  the  line  of  collimation  (see  p.  553),  with  which  it  may 
or  may  not  coincide.     (9)  If  after  adjusting  an  instrument  the 
intersection  of  the  cross-hairs  does  not  appear  to  be  in  the 
center  of  the  field  of  vision,  the  eyepiece  probably  needs  "cen- 
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tering"  (see  page  601).  (lO)  Eliminate  parallax  (see  p.  555). 
(11)  It  is  well  to  set  up  the  instrument  in  the  shade  during 
adjustment.  This  is  especially  true  of  the  level,  as  a  bright  sm^ 
affects  the  bubble. 

580.  The  Method  of  Reversion.  Every  adjustment  depends 
upon  the  method  of  reversion,  i.e.,  the  adjustment  is  tested  by 
reversing  the  instrument,  or  some  part  of  it,  so  that  an  error 
will  become  apparent;  this  apparent  error  is  double  the  true 
error,  because  reversion  simply  places  the  error  as  much  to  one 
side  as  it  was  on  the  opposite  side  before  reversion.  This  will 
become  evident  as  the  adjustments  are  explained.  The  thing 
to  remember  is  that  a  single  reversion  doubles  the  error. 


.     b  Horixont&l      n 


b      'Horisontal  ^ 


Fig.  a 


(a)  TUustration.  The  reversion  of  the  hvbhU'tvbe,  end  for  end,  is  an  excel- 
lent illustration  of  the  method  of  reversion.  Moreover,  since  it  is  the  basis 
of  three  of  the  six  principal  adjustments,  it  is  worth  while  to  imderstand 
it  perfectly. 

In  Fig.  o  let  the  bubble  be  in  the  center  of  the  tube — its  axis  hn  must 
therefore  be  horizontal — ^but  let  the  supports  u  and  »  be  of  unequal  length. 
Then  any  surface  as  ac^  upon  which  the  supports  rest,  cannot  be  level,  but  a 
will  be  higher  than  c,  smce  u  is  shorter  than  v.  Suppose  that  it  is  desired 
to  bring  the  axis  of  the  bubble  hn  parallel  to  the  surface  ac  by  making 
the  supports  u  and  v  of  e^ual  length;  this  is  e9uivalent  to  making  hn  coin- 
cide with  some  line  hi  which  has  the  same  inclination  e  with  the  horizontal 
that  ac  has.  This  error  e,  which  is  to  be  corrected,  is  above  the  required 
Une  ht.  Keep  the  surface  ac  stationary,  but  take  the  bubble-tube  off,  and 
reverse  it  end  for  end  (Fig.b) .  The  supports  u  and  v  being  attached  to  the  tube, 
and  their  lengths  as  yet  being  unchanged,  the  new  axis  of  the  bubble  ho 
stiU  makes  the  angle  e  with  ac  and  hi,  but  is  hchw  ht  instead  of  above.  In 
other  words,  reversion  has  simply  placed  the  error  on  the  opposite  side, 
and  the  total  error  e  +  e'  =  2c  is  double  the  true  error.  To  correct  the  error 
tnerefore  change  the  lengths  of  the  supports  u  and  v  until  the  bubble  moves 
HAiiF-way  back  to  the  center;  60  wul  then  coincide  with  ht,  and  u  and  v 
will  be  of  equal  lengths.  If  now  the  surface  ac  is  made  horizontal  (Fig.  c), 
the  bubble  will  return  to  the  center  and  its  axis  ho  will  be  horizontal. 

(6)  Let  the  bubble-tube  be  atta<^ied  to  the  surface  ac  by  supporting 
screws  u  and  v,  and  let  this  surface  be  revolved  on  a  spindle  a.  It  is  evi- 
dent that  if  the  axis  of  this  spindle  is  at  right  angles  to  ac  the  inclination 
of  txc  cannot  chanpe  durinp  revolution,  and  that  if  the  surface  is  revolved 
through  180**  the  hvhhle-tvbe  will  he  turned'  end  for  end  just  the  same  as  if 
it  had  been  taken  off  and  reversed.  Hence  m  this  case  the  reasoning 
iM^d  the  ooqclusioQS  of  the  preceding  paragraph  stfll  hold  good.     It  is  t« 
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be  noted  that  before  adjustment  (Figs,  a  and  b)  the  kma  of  the  spindle 
is  inclined;  after  adjustment  (Fig.  c)  it  is  vertical. 

Remark.  If  the  axis  of  the  spindle  is  not  perpendicular  to  ac  reversion 
and  correction  will  still  bring  the  axis  of  the  bubble  perpendicular  to  the 
axis  of  the  spindle. 

581.  Adjustments  of  the  Transit.  The  principal  lines 
to  be  considered  in  the  adjustment  of  the  transit  are:  (1)  The 
line  of  sight  (see  p.  553).  (2)  The  axis  of  the  bubble  in  each 
plate-level  (see  p.  544).  (3)  The  supporting  axis  of  the  tele- 
scope. (4)  The  vertical  axis  through  the  spindles.  (5)  The 
axis  of  the  bubble-tube  attached  to  the  telescope. 

The  principal  adjustments  are  five  in  number,  the  first 
three  of  which  should  always  be  made;  the  last  two  are  necessary 
only  when  the  transit  is  used  for  measuring  vertical  angles  or 
for  leveling: 

L  The  adjustment  of  the  plcUe-levels,  so  that  the  plates  shall  lie 
in  a  horizontal  plane  when  each  bubble  is  in  the  center  of  its 
Ijube. 

II.  The  adjustment  of  the  cross-hairs,  so  that  the  line  of  sight 
shall  revolve  in  a  plane  when  the  telescope  is  turned  on  its  sup- 
porting axis. 

III.  The  adjustment  of  the  standards,  so  that  the  line  of  sight 
shall  revolve  in  a  vertical  plane  when  the  first  two  adjustments 
have  been  made  and  the  transit  is  leveled  up. 

IV.  The  adjustment  of  the  telescope  level,  so  that  the  axis  of  the 
bubble  shall  be  parallel  to  the  line  of  sight. 

V.  The  adjustment  of  the  vertical  circle,  so  that  its  vernier  shall 
read  zero  when  the  line  of  sight  is  horizontal. 

The  relative  importance  of  adjustments.  (1)  The  first 
adjustment  is  important  in  all  transit  work.  (2)  The  second 
is  important  in  work  which  involves  plunging  the  telescope. 
(3)  The  third  is  important  in  the  measurement  of  horizontal 
angles  between  points  which  differ  considerably  in  elevation. 
Such  measurements  are  also  affected  to  some  extent  by  the  first 
two  adjustments.  (4)  The  fourth  adjustment  is  necessary  when 
the  transit  is  used  as  a  level.  (5)  The  fifth  adjustment  is  not 
essential,  but  it  facilitates  the  reading  of  vertical  angles. 

I.  Adjustment  op  the  plate-levels.  Object.  To  make  the 
axis  of  each  bubble  parallel  to  the  plate  to  which  the  bubble- 
tubes  are  attached,  so  that  when  each  bubble  is  in  the  center 
of  its  tube  the  plate  shall  be  truly  horizontal.  This  is  equiva- 
lent to  bringing  the  axes  of  the  bubbles  perpendicular  to  the 
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axis  of  the  spindle  upon  which  the  plate  turns,  provided  this 
axis  has  been  made  by  the  instrument-maker  perpendicular  to 
the  plate.* 

Te$U  The  final  test  is  to  see  that  each  bubble  oomes  to  rest 
In  the  center  of  its  tube  when  the  plate  is  turned  on  its  spindle 
to  any  position  from  0®  to  360°.  During  adjustment,  however, 
repeated  tests  for  each  bubble  are  made  as  follows: 

(1)  Iievel  up  and  bring  the  bubble-tube  parallel  to  two  diag- 
onally opposite  leveJing-acrews. 

(2)  Turn  the  plate  half-way  around  until  the  bubble-tube  iff 
parallel  to  the  same  pair  of  screws,  but  reversed  end  for  end. 
If  the  bubble  does  not  come  to  rest  at  the  center  the  tube  needs 
adjusting. 

Correction,  (1)  Bring  the  bubble  half-way  back  to  the  cen- 
ter of  its  tube  by  turning  one  and  then  the  other  of  the  capstan 
screws  which  support  the  ends  of  the  tube.  (2)  Bring  it  the 
rest  of  the  way  (i,e.,  to  the  center)  by  leveling  the  plate  with  the 
leveling  thumb-screws.  (3)  Repeat  the  test  and  the  adjust- 
ment imtil  the  bubble  remains  in  the  center  when  the  plate  is 
turned  half-way  aroimd.  (4)  Adjust  the  other  bubble-tube  in 
hke  manner.  (5)  Apjdy  the  final  test  of  turning  the  plate  com- 
pletely aroimd  from  0°  to  360°. 

Principle  involved.  The  reason  why  the  bubble  is  brought 
half'^yiVky  back  after  reversion  is  explained  in  Art.  580,  p.  583. 

Practical  suggestions.  (1)  Set  up  the  transit  so  that  it  is  iinn.  If  n 
plaoe  is  chosen  where  a  300-ft.  sight  can  be  taken  each  way,  and  where 
the  telescope  can  be  directed  to  some  high  point,  all  four  of  the  remaining 
adjustments  can  be  made  without  disturbing  the  instrument.  (2)  It  is 
better  to  olamp  the  lower  plate  and  to  aUow  the  upper  plate  to  remain  un- 
damped throughout  the  adjustment.  When  the  final  test  is  satisfactory, 
damp  both  plates  together,  loosen  the  lower  clamp,  and  turn  the  two  plates 
completely  around;  both  bubbles  should  remain  in  the  centers  of  their 
tabes;  if  they  do  not  it  shows  that  the  axes  of  the  inner  and  outer  spindkis 
Csee  photograph,  p.  665)  are  not  parallel,  a  defect  best  remedied  by  the  nrnker. 
If  the  axes  are  not  parallel  no  error  will  be  caused  in  the  measurement 
of  horizontal  angles  unless  they  are  measured  by  repetition,  provided  the 
plate-levels  are  adjusted  perpendicular  to  the  axis  of  the  inner  spindle, 
(3)  If  the  bubbles  are  not  badly  out  both  may  be  adjusted  simultaneously. 
taking  care  to  reverse  one  tube  parallel  to  one  pair  of  leveling-screws  and 
the  other  tube  parallel  to  the  other  pair.  (4)  It  will  often  suffice  to  turn 
one  capstan  screw  only,  lowering  slightly  the  end  of  the  tube  where  the 

*  If  the  axis  of  the  spindle  is  not  perpendicular  to  the  plate  the  adjust- 
ment of  the  plate-levels  does  not  in  any  way  involve  the  horiaontality  of 
the  plate.  For  this  reason  it  is  more  correct  to  consider  the  relation  of 
the  plate-levels  to  the  vertical  axis,  ignoring  the  plate  altogether  For  the 
sake  of  clearness,  however,  it  is  better  to  consider  the  parallelism  of  the 
fdate^levels  to  the  plate  aa  the  real  object  of  the  adjustment,  especially 
as  the  vertical  axis  is  so  nearly  perpendicular  to  the  plate  in  the  ordinary 
timiiilt  that  the  error  is  inappreciable. 
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bubble  lies,  or  raising  the  other  end.  (5)  Turning  a  capstan  .^rew  clodc- 
wise  screws  it  into  the  plate  and  therefore  lowers  the  corresponding  end 
of  the  tube;  counter-clockwise  unscrews  the  screw  and  raises  the  end  of 
the  tube. 

II.  Adjustment  of  the  cross-hairs.  This  adjiistment 
consists  of  two  steps:  (1)  adjustment  of  the  horizontal  hair  and 
(2)  adjustment  of  the  vertical  hair.  The  former  aflfects  only 
leveling  operations  and  measurements  of  vertical  angles,  while 
the  latter  affects  all  transit  work,  especially  that  in  which  the 
telescope  is  plunged.  The  adjustment  of  the  horizontal  hair 
is  often  overlooked  or  ignored. 

Note.  Before  adjusting  the  cross-hairs  separately  it  is  well  to  see  that 
the  vertical  hair  is  truly  vertical;  if  the  two  cross-hairs  have  been  put  on 
the  ring  exactly  at  right  angles  to  each  other  the  horizontal  hair  wul  thai 
be  truly  horizontal.  Test  the  vertical  hair  by  seeing  if  it  coincides  with 
a  plumb-line  or  the  comer  of  a  building,  or,  another  method,  with  the 
supporting  axis  horizontal,  sight  upon  some  well-defined  point  and  depress 
the  telescope;  the  point  should  appear  to  move  up  and  down  the  hair. 
If  the  hair  is  not  vertical  loosen  all  four  capstan  screws  slightly  take  hold 
of  their  heads  and  turn  the  ring  until  the  hair  is  vertical.  (See  note,  page 
560).  Or,  better  still,  tap  the  loose  heads  gently  with  the  finger-tip  or 
with  a  pencil,  since  the  amount  which  the  ring  must  be  removed  is  slight. 

Adjustment  of  the  Horizontal  Cross-hair 

This  adjustment  is  necessary  only  when  vertical  angles  are 
to  be  measured  with  more  than  ordinary  accuracy,  or  when 
careful  leveling  is  to  be  done  with  the  transit. 

Object.  To  bring  the  horizontal  hair  into  the  plane  of  motion 
of  the  optical  center  of  the  object-glass;  if  it  is  not  in  that  plane 
the  line  of  sight  will  change  as  the  object-glass  is  moved  in  or 
out  for  focusing. 

Test.  (1)  Hold  a  leveling-rod  on  a  stake  driven  near  the  transit, 
clamp  the  telescope  so  that  the  line  of  sight  is  approximately 
parallel  to  the  surface  of  the  ground  for  about  300  ft.,  bring 
the  center  of  the  target  to  the  line  of  sight,  and  note  the  rod 
reading.  (2)  Without  moving  the  telescope  read  a  rod  upon  a 
second  stake  about  300  ft.  away.  (3)  Unclamp,  plunge,  turn 
the  plates,  bring  the  inverted  telescope  to  the  former  reading  on 
the  first  stake,  and  tighten  all  clamps.  If  the  horizontal  hair 
does  not  strike  the  former  reading  on  the  second  stake  it  should 
be  adjusted. 

Correction.  Set  the  target  at  the  mean  of  the  two  readings 
taken  at  the  second  stake.  With  the  telescope  still  ciamped 
in  the  position  it  was  in  when  the  second  reading  was  taken, 
move  the  horizontal  hadr  by  means  of  the  capstan  screws  until 
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it  bisects  the  target,  when  the  rod  is  held  on  Ihe  second  stake. 
Loosen  the  capstan  screw  on  top  of  the  t^lescops  and  tighten 
the  opposite  screw  to  move  the  hair  upward  as  observed  through 
an  INVERTING  eyepiece^  and  vies  versa  to  move  it  downward. 
(Why?  See  p.  550.)  Repeat  the  test  and  correction  until  the 
adjustment  is  perfected.  The  principle  involved  \^  that  of  single 
reversion;  the  telescope  being  inverted  once,  the  error  is  doubled. 
(See  Fig.  582  (I),  p.  593.) 

Practical  sugaestions.  (1)  It  is  not  necessary  that  the  telescope  should 
be  level  when  sighting  at  the  leveling-rod — any  Ime  of  sight  will  do.  (2)  It  is 
better  to  use  two  leveling-rods,  one  for  each  stake,  then  the  target  may  be 
left  undisturbed  on  the  rod  near  the  transit.  In  an  emergency  two  straight 
sticks  or  transit  poles  may  be  used  in  place  of  leveling-rods.  A  small  piece 
of  paper  wrapped  around  each  stick  and  hold  in  place  by  a  rubber  band 
will  serve  as  a  target,  the  band  marking  the  points  sighted  at.  Use  three 
bands  for  the  pole  at  the  farther  stake,  one  for  the  first  sight,  one  for  the 
second,  and  one  half-way  between. 

Adjustment  of  the  Vertical  Cross-hair 

This  is  often  called  the  adjustment  of  the  line  of  coUimation, 
(See  p.  553.) 

Object.  To  make  the  line  of  sight  perpendicular  to  the  sup- 
porting axis  of  the  telescope,  so  that  when  the  telescope  is  plunged 
the  line  of  sight  will  generate  a  plane;  if  the  Une  of  sight  is  not 
perpendicular  it  will  generate  the  surface  of  a  cone.  In  prac- 
tice the  chief  object  of  the  adjustment  is  to  be  able  to  produce 
a  straight  h'ne  by  backsighting  and  then  simply  plunging  the 
telescope  once. 

Test.  The  test  corresponds  exactly  to  reversing  in  azimuth 
and  altitude  or  double  reverse.  (See  p.  92.)  Sight  on  some 
permanent  backsight,  plunge,  establish  point  number  one. 
Leave  the  telescope  inverted,  turn  upper  plate,  sight  on  the 
permanent  backsight,  plunge,  and  establish  point  number  two. 
If  these  two  points  do  not  coincide  the  vertical  cross-hair  must 
be  adjusted. 

Ccnrection.  (1)  Measuring  from  point  two  towards  point 
one^  mark  a  third  point  one  fourth  of  the  distance  from  point 
two  to  point  on£.  (2)  By  loosening  one  of  the  capstan  screws 
on  the  side  of  the  telescope  and  tightening  the  other,  move  the 
cross-hair  ring  imtil  the  vertical  hair  is  on  point  three.  (3)  Re- 
peat the  test  and  the  adjustment  until  the  two  points '  estab- 
lished by  the  double  reverse  exactly  coincide. 

Principle  involved.  This  is  a  double  application  of  the  method 
of  reversion.     Reversing  (plunging)  the  telescope  once  double^  the 
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error  (Art.  580);  reversing  a  Becondtime  again  doubles  the  error 
on  the  opposite  side,  so  that  the  total  apparent  error  is  four  times 
the  true  error.  This  may  be  better  understood  by  referring  to 
Fig.  581  (II). 
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Fig.  681  (II). 

Illvatration.  Let  XY  be  the  supporting  axis  of  a  telescope  (top  figure 
m  Fig.  581  (II)).  If  AiC^is  an  exact  right  angle  the  line  of  sight  is  in 
ftdjuBtment,  because  backsighting  on  A  and  plunging  the  telescope  the  line 
of  coUimation  will  generate  a  plane,  striking  a  pomt  C  which  is  in  the 
line  AK  produced.  But  suppose  the  line  of  sight  is  out  of  adjustment 
by  an  amount  e,  that  is,  the  angle  AKE  (middle  figure)  is  not  90^  but 
90°  — c.  When  the  telescope  is  plunged  the  line  of  sight  will  generate 
the  surface  of  a  oone  and  strike  a  point  B  instead  of  C.  From  the 
figure  it  is  evident  that  QKB  is  90**-2e  and  hence  BltC— 2«.  Leave  the 
telescope  inverted,  turn  and  backsight  on  A  again.  (Bottom  figura: 
notice  the  reversed  positions  of  M  and  AT,  the  ends  of  the  supporting 
axis.)  Plunge  the  telescope;  the  line  of  collimation  will  strike  some 
point  i>,  and  it  is  evident  that  DKC^29,    la  piaotioe  the  point  C  Is 
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not  found,  but  the  anole  BKD  equals  4e.  Hence  mark  a  point  P  one 
fourth  the  distance  DB  Irom  D  and  move  the  cross-hair  ring  until  the  ver- 
tical hair  is  on  P.  Then  HKP  is  a  right  angle — the  object  of  the  adjust- 
ment. 

Oueation.     Why  is  the  horizontal  hair  adjusted  before  the  vertical  hair? 

Qtkeation  Xn  adjusting  the  vertical  hair  is  the  horizontal  hair  necessarily 
thrown  out  of  adjustment?     If  not,  why  not?     (See  note,  p.  660.) 

Practical  suggestions.  (1)  Set  up  in  some  comparatively  level  place 
where  a  sight  of  about  300  ft.  each  way  can  be  had;  closer  adjustment 
can  be  made  at  this  than  at  longer  distances.  (2)  Select  some  well-defined 
point  for  a  permanent  backsight;  if  Deoessarv  set  a  very  slender  stake  or 
establish  a  backsight  in  some  other  way.  (3)  Each  foresight  should  be 
marked  and  numbered.  The  backsight  and  the  position  of  the  transit 
can  often  be  chosen  so  that  the  foresights  will  fall  on  some  vertical  sur- 
face, where  pencil-marks  can  be  distinctly  seen  through  the  telescope,  as, 
for  example,  marks  on  a  sheet  of  paper  tacked  to  the  side  of  a  building. 
(4)  When  the  man  who  marks  the  foresights  has  measured  back  one 
fourth  the  apparent  error,  he  should  hold  his  pencil  on  the  point,  and  give 
some  well-understood  signal  that  the  point  indicated  is  the  one  to  which 
the  vertical  hair  should  be  adjusted,  otherwise  points  may  be  confused  by 
the  man  at  the  transit.  If  the  transitman  is  sighting  at  a  vertical  surface, 
confusion  may  be  avoided  by  drawing  a  pencil-hne  which  can  be  seen  from 
the  transit.  As  tests  are  repeated  erase  all  lines  previously  drawn,  so  that 
for  each  test  there  is  only  one  Une  that  the  transitman  can  see.  i.e.,  the 
line  to  which  the  vertical  hair  should  be  adjusted.  An  experienced  transit- 
man  can  often  make  this  adjustment  without  help,  by  toking  for  a  f9re' 
sight  some  such  object  as  a  window-pane,  estimatmg  the  error  each  time 
and  repeating  the  tost  and  correction  until  the  vertical  nair  bisects  the  object 
used  as  a  foresight.  (5)  On  some  transits  there  are  three  sets  of  capstan- 
screws.  Those  nearest  the  eye  adjust  the  eyepiece,  the  next  set  are 
for  the  stadia  wires,  and  the  third  set  for  the  cross-hair  ring.  In  this 
adjustment,  therefore,  use  the  two  side  screws  farthest  from  the  eyepiece. 

(6)  If,  in  looking  through  the  telescope,-  the  vertical  hair  should  apparently 
be  moved  to  the  right  in  order  to  cover  the  point  indicated,  loosen  the 
capstan  screw  on  the  right-hand  side  of  the  telescope  and  tighten  the 
opposite  screw.  This  really  moves  the  vertical  cross-hair  to  the  l^t^ 
since  the  cross-bair  ring  is  drawn  towards  the  screw  that  is  tightened  (see 
p.  650),  but  the  eyepiece  inverts  the  movement  (p.  652)  so  that  it  appears 
to  be  drawn  to  the  right.  Hence  the  rule:  Loosen  the  screw  towards  which 
the  cross-hair  iwms^ 'appa-rbntly  he  mxwed,  and  tighten  the  opposite  screw.* 

(7)  Do  not  be  too  particular  al>out  getting  the  cross-hair  on  the  point  until 
after  two  or  three  tests  by  double  reverse  have  been  made;  the  nearer 
the  adjustment  approaches  completion  the  more  nearly  should  the  hair 
split  the  point.  (8)  The  final  adjustment  can  often  be  made  by  simply 
tightening  one  screw  without  loosening  the  other,  but  screws  must  not  be 
strained  (see  Suggestion  (6),  p.  682  ).  (9)  When  the  line  of  sight  is  in  ad- 
justment it  should  coincide  with  the  line  of  coUimation,  and  this  in  turn 
should  be  concentric  with  the  geometrical  axis  of  the  telescope.  If  these 
conditions  are  not  fulfilled  errors  may  be  introduced  as  the  objective  is 
moYed  in  or  out  for  sights  of  different  lengths.  Perfect  adjustment  in  this 
respect  depends  largely  on  the  maker  of  the  instrument.  (10)  Since  the 
line  of  sight  is  determined  solely  by  the  position  of  the  intersection  of  the 
cross-hairs  with  respect  to  the  center  of  the  object-glass,  it  is  not  affected 
by  the  position  of  the  eyepiece.  The  latter  may  oe  moved,  in  any  direc- 
tion, or  even  entirely  removed  and  a  new  one  substituted  without  affecting 
the  adjustment  of  the  cross-hairs. 

III.  Adjustment  of  the  standards.  Object.  By  the  pre- 
ceding adjustment  of  the  vertical  hair  the  line  of  sight  has  been 
made  to  revolve  in  a  plane;  the  object  of  the  adjustment  of  the 
itandards  is  to  make  this  plane  vertical  when  the  plate  to  which 
the  standards  are  attached  is  level,  i.e.,  to  make  the  supporting 

♦  This  is  assuming  that  the  ejrepiece  is  inverting,  i.e.,  it  inverts  the  image 
•0  that  objects  appear  right  side  up.     (See  p.  662..) 
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axis  parallel  to  the  plate  by  making  the  standards  of  equal 
heights.* 

Test.  (1)  Level  up,  sight  to  some  high  and  well-defined 
point,  clamp  to  prevent  motion  sidewise,  depress  the  telescope 
without  plunging,  and  mark  point  number  one.  (2)  Unclamp, 
plunge,  turn  plates  half-way  around,  and  with  inverted  telescope 
backsight  again  at  the  high  point,  depress  the  telescope  without 
plunging,  and  establish  point  number  two;  if  it  does  not  coincide 
with  point  number  one  the  standards  should  be  adjusted. 

Correction.  (1)  Mark  a  point  half-way  between  the  first  and 
second  point.  (2)  Sight  on  this  middle  point,  clamp,  and  point 
the  telescope  upward;  the  line  of  sight  will  not  quite  strike  the 
original  high  point.  (3)  Make  it  strike  the  point  by  raising  or 
lowering  one  end  of  the  supporting  axis.  This  is  done  by  turn- 
ing the  capstan  screw  near  the  top  of  the  standard,  loosening  or 
tightening  at  the  same  time  the  screws  which  fasten  the  cap  of 
the  standard.  Repeat  the  test  and  correction  until  the  two 
points  exactly  coincide  after  reversion. 

Principle  involved.  Since  the  telescope  is  plunged  (i.e.,  re- 
versed) but  once,  this  is  a  case  of  single  reversion,  and  the  apparent 
error  is  double  the  true  error — not  four  times  the  error  as  in  the 
adjustment  of  the  vertical  hair,  where  the  telescope  was  plunged 
twice.     This  is  evident  from  Fig.  581  (III). 

Illustration.     In  the  first  position  of  the  axis,  Fig.  581  (III),  the  right- 
hand  end  is  the  higher;    after  backaighting  on  A  and  depressing  the  tele- 
scope   the    intersection    of    the 
A^N  cross-hairs  falls  on  B.     Turning 

the  plate  half-way  around  brings 
the  higher  end  of  the  axis  to 
the  left,  so  that  the  second  point 
faUs  at  C.  The  point  M  is 
approximately  where  the  line  of 
sight  should  strike  when  the 
axis  is  horizontal,  ijb.,A  and  if 
are  in  the  same  vertical  plane. 
Remark.       Theoretically     the 

'i     _~-_-:- figure  does  not    truly  represent 

H-sr — ^- the  adjustment,    and  the  point 

M  is  not  half-way  between  C 
and  B  except  under  certain  con- 
ditions. Two  oblique  planes  are 
generated  by  the  line  of  si^t. 
which  are  not  truly  represented 
by  AB  and  AC.  The  problem 
FiQ.  581  (III).  is    therefore    one    in    descriptive 

geometry.  (See  Nugent's  Flane 
Surveying,  p.  240.)  In  practice,  however,  points  B  and  C  are  so  neax 
together  that  by  taking  M  half-way  between  and  making  the  correction 
e<=^CM'='NA  the  supporting  axis  is  made  m^yre  nearly  horizontal,  until 
after  a  few  trials  the  adjustment  is  perfected. 
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*  More  correctly,  perpendicular  to  the  vertical  axis  (see  foot-note,  p.  585). 
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PrcKtioal  suggestions.  For  a  permanent  backsight  a  church  spire,  a 
point  on  some  high  building  or  some  other  well-defined  point  may  be 
taken.  When  no  such  point  is  visible  a  comparatively  low  point  40  or 
50  feet  above  the  ground  may  be  chosen,  but  the  transit  should  be  cor- 
respondingly near,  so  that  when  the  telescope  is  depressed  it  will  describe 
as  large  an  arc  as  possible.  (2)  The  usual  method  of  correction  is  to  bring 
the  cross-hairs  on  M.  If,  however,  M  is  nearly  on  the  same  level  with  the 
t-elescope,  it  is  better  to  sight  on  M  and  then  point  the  telescope  upward 
before  making  the  correction,  for  the  higher  the  telescope  is  pointed  the 
more  the  direction  of  the  hne  of  sight  is  changed  by  raising  or  lowering 
one  end  of  the  supporting  axis  (TF%f),  and  the  easier  it  is  to  gauge  the 
amount  of  adjustment.  TS)  To  decide  whether  the  adjustable  end  of  the 
supporting  axis  is  too  high  or  too  low,  note  in  which  direction  the  second 
plane  generated  slopes,  and  remember  that  the  supporting  axis  is  per- 
pendicular to  that  plane.  (See  Fig.  581  (III).)  (4)  If  the  end  of  the  axis 
must  be  raised  loosen  first  the  screws  fastening  the  cap  to  the  standard 
before  turning  the  capstan  screw. 

IV.  Adjustment  op  the  telescope  level.  This  adjust- 
ment is  necessary  when  the  transit  is  used  as  a  level,  or  when 
vertical  angles  with  reference  to  a  horizontal  plane  are  to  be 
measured. 

Object.  To  make  the  axis  of  the  bubble  parallel  to  the  line 
of  sight  when  the  latter  is  horizontal. 

Test  and  correction.  Exactly  the  same  as  the  "peg"  adjust- 
ment of  the  level  (see  p.  597). 

V.  Adjustment  of  the  vertical  circle  and  vernier. 
This  adjustment  afifects  the  measurement  of  vertical  angles  with 
reference  to  a  horizontal  plane.  Note  that  it  does  not  affect 
the  measurement  of  a  vertical  angle  between  two  points. 

Object.  To  make  the  vertical  circle  read  zero  when  the  line 
of  sight  is  horizontal.  It  is  assumed  that  the  transit  having 
been  leveled  up,  the  vertical  axis  is  truly  vertical  because  of 
previous  adjustments. 

Test.  Bring  the  bubble  of  the  telescope  level  exactly  to  the 
center  by  clamp-  and  tangent-screw,  and  see  by  inspection  if 
the  zero  on  the  vernier  and  the  zero  on  the  vertical  circle  coin- 
cide. 

Correction.  Shift  the  vernier  until  the  zeroes  coincide,  by 
loosening  the  screws  which  hold  it  to  the  standard.  On  some 
transits  other  provision  is  made  for  shifting  the  vernier  or  the 
vertical  arc. 

Practical  suggestion.  (1)  If  the  seroes  cannot  be  made  to  coincide,  note 
the  amount  and  sign  of  the  difference.  This  will  be  an  index  error  to  be 
applied  as  a  correction  to  each  anf^e  of  deration  or  depression.  (2)  If 
there  is  no  level  underneath  the  telescope,  make  the  line  of  collimation 
horizontal  by  the  method  used  in  the  "peg"  adjustment,  i.e.  set  the  transit 
exactly  half  way  between  two  poimts,  clamp  the  telescope  in  as  nearly 
a  honisontal  position  as  can  be  estimated  and  proceed  as  directed  on 
pace  598. 
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582.  Adjustments  of  the  Wye-level.  The  principal 
LINES  to  be  considered  in  adjusting  a  level  are; 

(1)  The  line  of  sight  from  the  intersection  of  the  cross-hairs 
to  the  optical  center  of  the  object-glass. 

(2)  The  line  of  collimation,  with  which  the  line  of  sight  should 
be  made  to  coincide. 

(3)  The  axis  of  the  collars  or  rings,  a  line  joining  the  centers 
of  the  collars. 

(4)  The  axis  of  the  bubble  (see  p.  544). 

(5)  The  line  of  the  bottom  of  the  wyes,  a  line  joining  the  lowest 
points,  where  the  collars  rest  on  the  inner  surfaces  of  the  wyes, 

(6)  The  vertical  axis  of  the  level  through  the  spindle.  For 
sake  of  clearness  another  line  will  be  considered,  viz.: 

(7)  The  axis  of  the  Uvel-bar,  a  line  through  the  horizontal  bar 
which  supports  the  wyes.  This  axis  is  assumed  to  be  perpen- 
dicular to  the  vertical  axis;  it  may  or  may  not  coincide  with  the 
geometrical  axis  of  the  level-bar. 

The  object  of  the  principal  adjustments  is  to  make  lines 
(1),  (2),  and  (3)  coincide,  and  then  to  bring  the  first  five  lines 
parallel  to  (7)  and  hence  perpendicular  to  (6).  The  three  prin- 
cipal adjustments  may  be  outlined  as  follows:  Let  Fig.  582 
represent  a  level  out  of  adjustment^  the  errors  of  course  being 
greatly  exaggerated. 


J^n^^Sj^Wjl)^^-^-^^^ 


—  /Bottom  of  Wyes  (5) 


B^JL 


FiQ.  582, 

I.  The  adjustment  of  the  cross-hairs  makes  the  line  of  sight 
coincide  with  the  axis  of  the  collars.  This  is  done  by  moving 
the  cross-hair  ring,  and  in  a  ivell-made  instrument  results  also 
in  bringing  the  line  of  sight  into  the  line  of  collimation. 

II.  The  adjustment  of  the  level-tube  brings  the  axis  of  the  bubble 
parallel  to  the  bottom  of  the  wyes,  whether  the  collars  are  of  the 
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same  size  or  not.  This  is  done  by  turning  the  screws  which 
hold  the  ends  of  the  tube  to  the  telescope.  In  a  well-made  level 
the  collars  should  be  true  circles,  of  the  same  size  and  each  in 
perfect  contact  with  the  inner  surface  of  the  wye;  then  the 
bottom  of  the  wyes,  the  axis  of  the  collars,  the  line  of  sight,  and 
the  axis  of  the  bubble  are  all  parallel  as  a  result  of  the  first  two 
adjustments. 

III.  The  adjustment  of  the  wyes  brings  the  axis  of  the  bubble 
parallel  to  the  axis  of  the  level-bar.  This  is  done  by  making  the 
wyes  of  equal  height.  All  lines  should  now  be  perpendicular  to 
the  vertical  axis,  which  is  the  true  object  of  the  three  adjustments. 

Remark.  Before  taking  up  the  adjustments  in  detail  the 
student  should  thoroughly  acquaint  himself  with  the  relations 
which  should  exist  between  the  principal  lines  as  set  forth  in 
this  article. 

I.  Adjustment  of  the  cross-hairs.  Object  To  make  the 
line  of  sight  coincide  with  the  axis  of  the  collars. 

Test,  (1)  Direct  the  line  of  sight  to  some  well-defined  point 
and  clamp.  (2)  Loosen  the  clips  which  hold  the  telescope, 
rotate  the  telescope  half-way  aroimd  in  the  wyes  (not  end  for 
end)  until  the  bubble-tube  is  above  the  telescope.  If  the  line 
of  sight  does  not  strike  the  point  the  cross-hairs  should  be  ad- 
justed. In  the  final  test  the  intersection  of  the  cross-hairs 
should  remain  on  the  point  throughout  a  complete  revolution 
of  the  telescope. 

Correction.  If  both  hairs  are  off  the  point,  each  must  be 
adjusted  by  bringing  it  half-way  back.  This  is  done  by  moving 
the  cross-hair  ring,  loosening  the  upper  or  lower  capstan  screw 
and  tightening  the  opposite  screw  for  the  horizontal  hair,  loosen- 
ing a  ade  capstan  screw,  and  tightening  the  opposite  screw  for 
the  vertical  hair  (see  p.  550).  Repeat  the  test  and  adjustment 
until  the  latter  is  perfected. 


tf:..:zr^E^^ 


B 

Fig.  682  (I). 

The  principle  involved  is  that  of  single  reverse.  If  the  line  of 
si^t  is  directed  to  A,  Fig.  582  (I),  and  the  telescope  is  then  ro- 
tated the  line  of  sight  will  strike  some  point  at  B.    The  angle 
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AH  B  IB  twice  the  error.  In  like  manner  the  distance  that  the 
vertical  hair  is  to  the  right  or  to  the  left  of  the  point,  after  rever- 
sion, is  double  the  error. 

Practical  auggeaiions .  (1)  It  is  not  necessary  that  the  telescope  should 
be  horizontal  while  making  this  adjustment  so  long  as  the  wyes  remain  in 
a  fixed  position.  Any  two  points  of  support  could  be  used  in  place  of  the 
wyes.  (2)  A  nail  in  a  fence  or  building  about  300  ft.  away,  or,  better  yet, 
a  piece  of  paper  tacked  up  with  a  fine  cross  marked  on  it,  will  serve  for  a 
pomt  to  sight  at  if  no  other  definite  point  is  visible.  (3)  Loosen  the  cap- 
stan screw  towards  which  a  cross-hair  should  be  moved  (as  observed  through 
the  ordinary  eyepiece),  and  tighten  the  opposite  screw.  (See  hint  (6), 
p.  582).  (4)  The  capstan  screws  farthest  from  the  eyepiece  move  the 
cross-hair  ring.  {DD  in  the  photograph  p.  651).  (6)  Adjusting  for  one 
hair  may  disturb  the  adjustment  of  the  other.  (6)  Kead  hints  (7),  (8). 
and  (10),  page  582.  (7)  It  is  important  in  leveling  to  have  the  horizontal 
hair  truly  horizontal.  Test  as  follows:  Level  up,  close  the  clips  so  that 
',he  pin  will  hold  the  telescope  in  place  (or  see  that  the  mark  on  the  collar 
coincides  with  the  mark  on  the  wye).  Mark  the  point  where  the  line  of 
sight  strikes  some  vertical  surface  a  short  distance  away.  Revolve  the 
telescope  on  its  vertical  axis  so  that  the  point  appears  to  move  fr^n  one 
edge  of  the  field  of  view  to  the  other;  if  tne  point  is  covered  by  the  cross- 
hair throughout  the  movement  the  hair  is  horizontal  (assuming  that  the 
axis  of  revolution  is  truly  vertical).  If  the  cross-hair  is  not  horizontal 
loosen  slightly  all  four  capstan  screws  and  gently  tap  their  heads  to  move 
the  cross-hair  ring  (as  directed  in  the  note,  p.  586).  Repeat  the  test  and 
correction  until  the  hair  is  truly  horizontal.  This  will  bring  the  other 
hair  vertical,  or  nearly  enough  vertical  to  plumb  the  rod  by,  since  the 
hairs  are  fastened  to  the  ring  at  right  angles  to  each  other.  (8)  When 
the  adjustment  has  been  completed  for  a  point  300  ft.  away,  focus  on  a 
point  near  the  instrument,  say  20  ft.  away,  and  repeat  the  test.  If  the 
instrument  is  out  of  adjustment  for  this  second  point,  either  the  object- 
glass  slide  does  not  work  parallel  to  the  axis  of  the  collars  or  the  optical 
center  is  not  in  the  axis  of  the  collars.  On  some  makes  of  levels  the  object- 
glass  slide  can  be  adjusted  (see  p.  C02),  but  the  latter  defect  can  be  reme^lied 
only  by  the  maker. 

II.  Adjustment  of  the  bubble-tube.  This  adjustment 
consists  of  two  steps,  neither  of  which,  theoretically,  is  entirely 
independent  of  the  other. 

First  Step. 

Object.  To  bring  the  axis  of  the  bubble  into  the  same  plane 
with  the  axis  of  the  collars. 

Test.  (1)  Level  up  and  clamp  the  telescope  over  two  diago- 
nally opposite  levehng-screws.  (2)  Loosen  the  clips,  rotate 
the  telescope  a  few  degrees  in  its  wyes  (not  end  for  end)^  until 
the  bubble-tube  is  no  longer  imdemeath  the  telescope.  If 
the  bubble  does  not  remain  in  the  center  the  tube  should  be 
adjusted.  In  the  final  test  the  bubble  should  remain  in  the 
center  when  the  tube  is  swung  to  either  side. 

Correction.  Bring  the  bubble  all  the  way  back  to  the  center 
by  turning  the  capstan  screws  on  each  side  of  the  level-holder, 
usually  at  the  object-glass  end  of  the  tube. 
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Principle  involved.  There  is  no  reversion  during  the  test;  hence 
the  apparent  error  is  equal  to  the  true  error,  not  double  it. 
Before  adjustment  the  a^xis  of  the  bubble  generates  a  hyperboloid 
of  revolution  of  one  ng^ppe — ^the  more  the  adjustment  is  per- 
fected the  more  nearly  will  it  generate  a  cylinder. 

PradticaL  suggestions.  (1)  Since  in  most  of  the  later  instruments  the  tele- 
scope is  not  free  to  turn,  being  held  in  place  by  a  pin  in  one  of  the  clips, 
thjs  adjustment  is  not  important  except  as  it  prepares  the  way  for  the 
second  step,  in  which  the  clips  are  left  open.  (2)  If,  when  the  telescope 
is  rotated  first  to  one  side,  then  to  the  other  the  bubble  travels  toward 
the  same  end,  it  shows  that  the  bubble-tube  is  conical  instead  of  cylindrical 
and  the  adjustment  will  not  correct  it.  (3)  Before  beginning  the  adjust- 
ment put  on  the  sunshade.  This  is  not  of  much  importance  in  this  adjust- 
ment: but  in  some  of  the  following  adjustments  it  is,  since  the  maker 
usually  plans  to  have  the  telescope  in  perfect  balance  when  the  simshade 
is  on  and  the  eyepiece  and  objective  each  at  the  average  focus.  (4)  In 
some  instruments  it  is  necessary  to  loosen  the  capstan  nuts  used  in  the 
second  step  before  the  screw  used  in  this  step  can  be  turned. 

Remark:  Assuming  that  the  axis  of  the  bubble  and  the  axis  of  the  col- 
lar are  in  the  same  vertical  plane,  the  bubble  will  still  move  toward  one  end 
of  the  tube  when  the  teiescope  is  rotated  unless  the  axis  of  the  bubble  is 
parallel  to  the  axis  of  the  collar  and  to  the  bottom  of  the  wyes  (the  object 
of  the  second  step).  Hence  it  may  be  necessary  to  repeat  both  the  first  and 
second  step  until  the  two  corresponding  tests  are  satisfactory. 

Second  Step  in  the  Adjustment  of  the  Bubble-tube. 

Object.  To  make  the  axis  of  the  bubble  parallel  to  the  bot- 
tom of  the  wyes. 

Second  test.  (1)  Level  up  and  clamp  the  telescope  over  two 
diagonally  opposite  leveling-screws.  (2)  Loosen  clips,  take  the 
telescope  out  of  its  wyes,  and  replace  it  turned  end  for  end.  If 
the  bubble  does  not  return  to  the  center  the  tube  should  be 
adjusted. 

Second  correction.  Bring  the  bubble  half-way  back  to  the 
center  by  lowering  the  end  of  the  tube  towards  which  the  bubble 
has  moved,  or,  what  is  equivalent,  by  raising  the  other  end. 
This  is  done  by  turning  the  capstan  nuts  which  hold  one  end 
of  the  tube  to  the  telescope.  Level  up  agam,  and  repeat  the 
test  and  adjustment  imtil  reversion  can  be  made  without  caus- 
ing any  change  in  the  position  of  the  bubble. 

Principle  involved.  This  is  a  case  of  single  reversion,  exactly 
like  that  explained  on  p.  583.  Before  reversion  the  a^xis  of  the 
bubble  BB  in  Fig.  582  (II)  (next  page)  is  horizontal,  but  not 
parallel  to  CC,  the  bottom  of  the  collars;  or,  since  the  bottom 
of  the  collars  and  the  bottom  of  the  wyes  are  in  contact,  BB  is 
not  parallel  to  the  bottom  of  the  wyes,  also  represented  by  CC. 
The  bottom  of  the  wyes  CC  is  kept  stationary  during  the  test, 
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and  therefore  corresponds  to  ac,  Fig.  580(6),  p.  583.     Hence 
turning  the  bubble-tube  end  for  end  doubles  the  error. 


6 


Line  of  Sight 
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Fig.  682  (II). 


PraeHeal  sugffestiona.  (1)  Great  care  is  necessary  in  taking  the  tele- 
scope out  and  replacing  it  in  the  wyes  to  avoid  jarring  or  disturbing  the 
rest  of  the  instrument.  (2)  Loosen  the  upper  capstan  nut  first,  raise  or 
lower  the  lower  nut  as  the  case  requires,  and  finally  bring  home  the  upper 
nut  in  completing  the  adjustment.  Usually  the  nuts  are  at  one  end  of 
the  bubble- tube  onl^.  (3)  Notice  that  this  adjustment,  like  the  adjust- 
ment of  the  cross-hairs,  could  be  perfected  on  any  two  points  of  support 
independent  of  the  wyes.  (4)  Although  by  this  adjustment  the  axis  of 
the  bubble  is  made  parallel  to  the  bottom  of  the  wyes,  it  does  not  follow 
that  it  is  also  parallel  to  the  line  of  sight,  even  though  the  latter  has  been 
made  by  the  adjustment  of  the  cross-hairs  to  coincide  with  the  axis  of 
the  collars;  for  the  collars  may  not  be  true  circles  of  equal  diameter;  if 
they  are  not,  this  method  of  adjustment  fails  and  the  "p€^"  method  must 
be  used.     (See  p.  590.) 

Til.  Adjustment  of  the  wyes.  Object.  To  make  the  axis 
of  the  bubble  parallel  to  the  axis  of  the  level-bar,  and  thus  to  make 
all  the  principal  lines  of  the  level  perpendicular  to  the  vertical 
axis.  Practically,  the  object  is  to  get  the  two  wyes  of  equal 
height. 

Test  (1)  Level  up,  bring  the  telescope  over  two  diagonally 
opposite  leveling-screws,  and  see  that  the  bubble  is  exactly  in 
the  center.  (2)  Revolve  the  telescope  on  its  spindle  half-way 
around  or  imtil  it  is  over  the  same  pair  of  leveling-screws,  but 
reversed  end  for  end.  If  the  bubble  does  not  remain  in  the 
center  the  wyes  should  be  adjusted.  In  the  final  test  the 
bubble  should  remain  in  the  center  during  a  complete  revolu- 
tion of  the  telescope. 

Correction.  Bring  the  bubble  half-way  back  by  turning  the 
large  capstan  nuts,  i.e.,  those  at  the  ends  of  the  level-bar,  thus 
changing  the  heights  of  the  wyes  above  the  axis  of  the  level- 
bar  until  they  are  equal.  Level  up  the  instrument  again,  and 
repeat  the  test  and  the  adjustment  until  the  position  of  the 
bubble  is  not  changed  by  revolving  the  telescope  on  its 
spindle. 

Caution.  On  some  wye-levels  there  are  one  or  two  small  set-screws  in 
the  uprights  at  the  end  of  the  level  bar;  these  must  be  loosened  before  the 
capstan  nuts  can  be  turned. 
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Principle  involved.  This  is  also. a  case  of  single  reversion, 
exactly  like  that  explained  on  p.  583,  also  exactly  simi- 
lar to  the  first  adjustment  of  the  transit.  The  bubble-tube  is 
attached  to  the  level-bar  by  the  supporting  wyes.  Before 
reversion  the  axis  of  the  bubble  is  horizontal,  but  since  the  in- 
clination of  the  level  bar  HH  does  not  change  during  revolution 
it  corresponds  to  ac,  p.  583,  and  reversion  doubles  the  error. 


Fia.  582  (HI). 

Practical  suggcMions.  (1)  When  the  first  and  second  adjustments  of  the 
level  are  '  'out,' '  it  is  not  apparent  unless  tesls  are  made;  but  when  the  third 
adjustment  is  "out"  it  is  known  at  once,  since  the  bubble  will  not  remain 
in  the  center.  For  this  reason  imdue  importance  is  too  often  attached 
to  this  last  adjustment.  In  reality  it  does  not  affect  the  accuracy  of  the 
work,  provided  the  bubble  is  brought  to  the  center  of  its  tube  just  before 
each  sight  is  taken.  The  adjustment  is  made  simply  as  a  matter  of  con- 
venience to  save  this  continual  leveling  up.  A  ^ood  levelman  will  not 
depend  upon  it,  but  will  watch  the  bubble  mstinctively  and  always  bring 
it  to  the  center  before  taking  any  important  sight.  (2)  It  is  well  to  make  the 
first  test  with  the  telescope  over  one  pair  of  leveling-screws,  the  next  test 
over  the  other  pair,  alternating  until  the  adjustment  is  nearly  perfected, 
when  it  may  be  completed  over  a  single  pair  of  screws.  (3)  Loosen  the 
upper  nut,  then  raise  or  lower  the  lower  nut  as  the  case  reqmres.  Though 
nuts  are  provided  at  each  end  of  the  bar,  unless  the  adjustment  is  bamy 
out,  the  adjustment  can  usually  be  made  wholly  by  those  at  one  end. 
(4)  When  unable  to  make  the  adjustment  correctly,  examine  the  outside 
socket  to  see  that  it  is  securely  set  in  the  inain  socket,  and  also  notice 
that  the  clamp  does  not  bear  on  the  ring  which  it  encircles.  When  these 
sre  correct  and  the  error  is  still  apparent  it  is  probably  due  to  some  im- 
perfection of  the  interior  spindle.  (5)  Having  completed  all  three  adjust- 
ments of  the  level  they  should  be  verified  by  the  '  'peg-method"  test.  (See 
Remark,  below.) 

583.  The  "Peg  Adjustment."    Object.    To  make  the  line 

of  sight  and  the  axis  of  the  bubble  parallel. 

Remark.  This  adjustment  is  also  called  the  direct  adjustment  in  con- 
trast to  the  indirect  adjustment  explained  in  the  preceding  article.  It  is 
used  mostly  for  the  adjustment  of  the  dumpy  level  and  for  the  level  on  a 
transit  telescope.  The  chief  advantage  of  the  wye-level  lies  in  the  ease 
with  which  it  may  be  adjusted  by  the  indirect  method;  yet  if  certain  defects 
exist — as,  for  example,  mequality  of  the  rings — they  are  not  disclosed  by 
the  indirect  test.  Hence,  after  the  wye-level  has  been  adjusted  by  the 
methods  of  the  preceding  article,  it  should  be  tested  by  the  peg  method 
explained  below.     (See  also  suggestion  7  on  page  590.) 

There  are  two  methods  of  making  the  peg  adjustment. 
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First  Method. 

Test  (1)  Drive  two  stakes  A  and  B  (Fig.  583)  from  300  to 
400  ft.  apart,  and  set  up  at  C  a  third  point  exactly  half-way 
between  the  other  two.  (2)  Take  rod-readings  Ri  and  R^  on 
stakes  at  A  and  B.  The  difference  in  the  readings  will  be  the 
tme  difference  in  elevations  d,  of  A  and  B,  no  matter  how  much 
the  instrument  mxiy  be  out  of  adjustment.  Set  up  again  near  one 
of  the  points,  say  at  F,  and  again  take  rod-readings  on  A  and  B. 
If  the  difference  in  elevation  of  A  and  B  as  found  from  the  last 
two  readings  agrees  with  d^  (i.e.,  R^-Ri),  the  level  is  in  adjust- 
ment. 
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Fia.  683. 


Error,    If  the  level  is  out  of  adjustment,  let  R^  and  R^  be  the 

rod-readings  taken  when  the  instrument  is  at  F,      The  line  of 

sight  should  strike  wi,  hence  the  error  is  hm^e.    The  error 

for  a  distance  between  stakes  A  and  B  (i.e.,  distance  Kn)  is  hn, 

Fm 
and  from  similar  triangles  e=-— --(<^2~^i)  where  dj— i?4— 72,  and 

di=R2—Ri' 

Correction.  There  are  two  methods  of  correcting  the  error— 
(1)  by  adjusting  the  cross-hairs  and  (2)  by  adjusting  the  bubble-' 
tube. 

To  correct  by  adjusting  the  cross-hairs.  (1)  Compute  e  from 
the  above  formula  and  set  the  target  at  (R^—e),  thus  bringing 
it  to  m.  Clamp  the  instrument  (telescope  still  pointing  at  the 
last  sight  h)  and  make  the  horizontal  hair  bisect  the  target  by 
turning  the  lower  and  upper  capstan  screws  that  move  the 
cross-hair  ring.     (See  Note,  p.  550.)    The  line  of  sight  should 
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now  be  in  the  line  Fm.  Since  -the  bubble  was  in  the  center  of 
its  tube  when  the  reading  was  taken  on  h,  and  since  the  telescope 
has  not  been  moved,  it  should  still  be  in  the  center,  and  its  axis 
should  now  be  parallel  to  the  line  of  sight. 

To  correct  by  adjusting  the  huhble-tuhe,  (1)  Compute  e  and 
set  the  target  at  (R^—e).  (2)  By  means  of  the  leveling-screws 
incline  the  telescope  imtil  the  line  of  sight  strikes  m;  this  throws 
the  bubble  out,  but  makes  the  line  of  sight  truly  horizontal. 

(3)  Raise  or  lower  one  end  of  the  bubble-tube  by  turning  the 
capstan  nuts  that  hold  it  to  the  telescope  (see  Suggestion  (2), 
p.  596)  until  the  bubble  retmns  to  the  center. 

Practical  suggestions: 

1.  In  Fig.  583  the  line  of  sight  to  ^  is  inclined  upuHird;  when  it  is  in- 
clined downward  h  falls  below  m,  and  e  must  be  added  to  R  instead  of 
subtracted. 

2.  The  points  ACB  and  F  should  be  apmt>xiniately  in  a  straight  line. 

3.  It  is  well  to  take  AB  and  FA,  so  that is  some  even  fraction.      For 

cm 

example,  if  AJ5-400  ft.  and  FA  =  10 then— -=^. 

cm      4u 

4.  When  the  level  is  at  C,  several  sets  of  readings  should  be  taken  on  A 
and  B  to  determine  accurately  the  difference  in  ele\ation  di. 

5.  If  the  vertical  axis  is  truly  vertical,  but  the  line  of  sight  is  inclined, 
the  latter  generates  a  cone;  the  base  of  which,  represented  by  ab,  is  hori- 
zontal; hence  all  points  in  the  base,  including  a  and  6,  have  the  same  ele- 
vation. 

6.  After  adjusting  for  the  target  at  m  set  it  for  the  correct  reading  at  c. 
This  not  only  serves  as  a  check,  but  also  detects  any  error  in  the  move- 
ment of  the  object-glass  dide,  since  the  latter  must  be  run  far  out  in  focusing 
on  F  so  close  to  A,  i.e.  the  line  of  motion  must  be  straight  and  parallel 
to  the  axis  of  the  collars. 

7.  The  three  adjustments  of  a  wye-level  having  been  made  in  the  usual 
way,  if  the  level  is  then  tested  by  the  peg  method  it  follows  that:  (1)  There 
is  no  error  in  the  movement  of  the  object-glass.  (2)  The  collars  are  of  the 
same  size.     (3)  That  the  line  of  sight  is  paraUel  to  the  axis  of  the  rings 

(4)  That  the  axis  of  the  bubble  is  parallel  to  the  bottom  of  the  wyes. 

8.  If  the  object-glass  slide  is  not  straight  the  engineer  cannot  remedy  it. 
If  the  line  of  motion  is  not  parallel,  on  some  instruments  the  object-glass 
Biide  can  be  adjusted  (see  p.  602).  If  the  other  sources  of  error  suggested 
in  (7)  exist,  the  level  may  be  adjusted  by  the  peg  method  and  used  as  a 
dumpy  level. 

0.  In  the  wye-level  and  in  the  transit,  since  the  cross-hairs  have  been 
adjusted  to  meet  certain  conditions,  it  is  better  to  leave  them  as  they  are 
ana  to  adjust  the  bubble-tube;   with  the  dumpy  level  it  may  be  otherwise. 

Peg  Adjustment.    Second  Method. 

In  this  method  the  level  is  not  set  up  haJf-way  between  the 
pegs,  as  in  the  preceding  method,  but  it  is  set  up  first  very  near 
one  stake  and  then  very  near  the  other.  Two  sets  of  readings 
are  thus  obtamed,  and  the  true  difference  in  elevation  is  obtained 
by  taking  the  average  of  the  two  differences,  as  in  reciprocal 
leveling.    (See  p.  243.) 
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Test.  (1)  Set  up  near  one  stake  so  that  when  the  rod  is 
held  on  the  stake  the  eye-end  of  the  telescope  will  swing  within 
an  inch  or  two  of  the  face  of  the  rod.  (2)  Read  the  rod  on  this 
stake  with  the  eye  at  the  object-glass,  thus  looking  through  the 
telescope  ^^  wrong  end  to,"  (3)  Take  a  reading  on  the  second 
stake  in  the  usual  manner.  The  difference  between  the  first 
two  readings  may  be  called  di.  (4)  Set  up  in  a  similar  position 
near  the  second  stake,  repeat  the  process,  and  obtain  a  second 
difference  d.^.  If  rfj  and  dg  are  not  equal  the  Une  of  sight  and  the 
axis  of  the  bubble  are  not  parallel. 

Correction.  The  error  is  iid^—d^).  Apply  this  to  the  last 
rod-reading,  set  the  target,  and  make  the  adjustment  by  one 
of  the  two  methods  explained  on  page  598,  according  to 
whether  it  is  desired  to  adjust  the  cross-hairs  or  the  bubble-titbe. 

Principle  involved.  If  iJ,  and  R2  are  the  first  two  rod-read- 
ings, Ri  and  R^  the  last  two,  and  c  is  the  error,  then  the  true 
difference  in  elevation  is  Rir-(R2—e)f  and  also  (/?3  — e)— T?^, 

But    R^^(R^-e)  =  (R,-e)^R,    hence    ^^^iZ^itzi^luM^ 

Note  that  R^  and  i?^  are  on  the  first  stake  and  R^  and  R2  are 
on  the  second  stake. 

Remark.  Tne  student  should  draw  a  figure  illustrating  the  above  prin« 
ciple.  The  first  method  of  "peg"  adjustment  is  generally  preferred  to 
that  given  here. 

Peg  Adjustment.  Modified  Method. 
When  a  strip  of  nearly  level  ground  can  be  found  the  fol- 
lowing modification  of  the  peg  adjustment  can  be  used  to  ad- 
vantage. (1)  Set  up  exactly  half-way  between  two  pegs, 
300  or  400  ft.  apart  as  in  the  first  method,  but  drive  the  higher 
peg  down  until  the  two  tops  are  on  the  same  level,  i.e.,  i2, 
equals  R.^.  (2)  Set  up  the  instrument  nearly  over  one  peg 
hold  a  leveling-rod  on  the  peg  and  set  the  target  at  the  height 
of  the  cross-hairs  as  in  the  second  method.  (3)  Without  dis- 
turbing the  rod-reading,  point  the  tele8Cop)e  at  the  target  as 
the  rod  is  held  on  the  other  peg,  and  adjust  the  level  tube 
until  the  bubble  stands  in  the  center.  This  method  avoids 
all  computation  since  the  line  of  sight  has  been  made  parallel 
to  the  top  of  the  pegs  and  is  therefore  horizontal 

584.  Adjustments  of  the  Dumpy-level.  Principal  lines. 
Unlike  the  wye-level,  the  telescope  of  the  dumpy  level  cannot 
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be  taken  from  its  wyes,  but  instead  it  is  rigidly  attached  to  two 
uprights  or  standards.  Hence  two  lines  of  the  wye-level  are 
elinunated,  i.e.,  the  axis  of  the  collars  and  the  bottom  of  the 
wyes.  The  other  lines  remain  the  same  as  in  the  wye-level. 
After  making  the  horizontal  hair  truly  horizontal  (see  Note 
on  page  586),  and  testing  the  object-glass  slide  (see  p.  602)  there 
are  only  two  adjustments  to  be  made. 

I.  Adjustment  op  the  cross-hairs  and  the  bubble-tube. 

Object,    To  make  the  axis  of  the  bubble  and  the  line  of  sight 

parallel  to  each  other.     Test  and  adjustment.     Exactly  the  same 

as  the  "peg  adjustment"  explained  in  the  preceding  article. 

Prcurticdl  avggestions.  (1)  In  some  dumpy-levela  the  bubble-tube  can- 
not be  adjusted,  hence  the  engineer  has  no  choice,  but  must  adjust  the  cross- 
hairs. In  levels  where  both  the  bubble-tube  and  the  cross-hairs  are  adjust- 
able it  is  better  to  adjust  the  bubble- tube  (second  method  of  correction,  p.  590), 
since  the  cross-hairs  once  placed  in  the  optical  axis  of  the  telescope  are  not 
disturbed  by  this  adjustment.  Many  engineers  prefer  a  dumpy  level  in 
which  the  bubble- tube  is  fixed  (non-adjustable),  since  it  can  then  be  placed 
by  the  maker  once  for  all  parallel  to  the  optical  axis,  and  hence  when  the 
Une  of  sight  is  adjusted  it  will  coincide  with  or  be  parallel  to  that  axis. 

II.  ADJusT?iBNT  OF  THE  STANDARDS.  Object.  To  make  the 
line  of  sight  and  the  axis  of  the  bubble  parallel  to  the  axis  of 
the  level-bar,  and  hence  perpendicular  to  the  vertical  axis. 
Test  and  adjustment.  Exactly  the  same  as  for  the  third  ad- 
justment of  the  wye-level  (see  p.  596),  except  that  in  most  in- 
struments the  screws  for  raising  or  lowering  the  standards  or 
uprights  are  on  the  underside  of  the  level-bar,  and  are  to  be 
turned  with  a  screw-driver. 

Remark.  On  some  dumpy-levels  no  provision  is  made. for  raising  or 
lowering  the  standards,  in  which  case  the  order  of  adjustments  is  changed 
to  that  given  below.    . 

First  adjustment.  To  make  the  axis  of  the  bubble  perpendicular  to  the 
vertical  axis.  Test  and  correction:  Revolve  the  instrument  180°  about 
its  vertical  axis,  as  in  the  third  adjustment  of  the  wye-level,  but  correct 
half  the  error  by  turning  the  capstan  nuts  at  the  end  of  the  level-tube, 
and  the  rest  by  the  thumb-screws  of  the  leveling-head. 

Second  adjustment.  To  make  the  line  of  sight  parallel  to  the  axis  of  the 
bubble  use  the  peg  method  as  described  for  the  first  adjustment  above, 
but  correct  the  error  by  moving  the  <*ross-hairs  instead  of  the  level-tube. 
(See  first  method  of  correction,  page  598.)  ^ 

585.  Centering  the  Eyepiece:  An  instrument  may  be  in 
good  adjustment  and  still  have  the  intersection  of  the  cross- 
hairs appear  far  out  of  the  center  of  the  field  of  view.  This 
does  not  affect  the  accuracy  of  the  work,  although  it  does  affect 
the  seeing  power  of  the  telescope.  The  inverting  eyepiece  usu- 
ally has  its  inner  end  held  in  place  by  a  ring  which  can  be  moved 
like  the  cross-hair  ring  by  means  of  four  screws,  until  the  inter- 
section of  the  cross-hmrs  appears  in  the  center  of  the  field. 
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Practical  suggestions.  (1)  In  some  instruments  the  screws  have  capstan^ 
heads  like  those  that  move  the  cross-hair  ring,  but  they  are  nearer  the  eye- 
end  of  the  telescope.  (See  E'E'  in  photograph,  p.  651.)  In  other  instru- 
ments the  screws  are  concealed  under  a  coflar,  which  may  be  easily  un- 
screwed and  slipped  along  the  telescope.  The  screws  can  then  be  turned 
with  a  screw-dnver.  (2)  Centering  the  eyepiece  does  not  affect  anv  of  the 
other  adjustments,  but  it  is  best  to  wait  until  they  are  completed  before 
the  centering  is  done.  It  is  not  often  that  the  adjustment  of  the  eyepiece 
is  necessary;    there  is  no  provision  for  it  on  non-erecting  eyepieces. 

586.  Adjustment  of  the  Object-glass  Slide:  When  an  in- 
strument leaves  tho  maker's  hands  the  object-glass  slide  should 
b3  perfectly  straight,  and  its  line  of  motion  should  be  parallel  to 
the  axis  of  the  telescope.  No  further  adjustment  of  the  object- 
glass  slide  should  be  necessary,  at  least  for  a  long  time.  In 
many  instruments  no  provision  is  made  for  this  adjustment- 
In  other  instruments  the  rear  end  of  the  slide  works  through  a 
ring  which  can  be  adjusted  by  four  screws  in  the  same  way  that 
the  ring  which  holds  the  eye  piece  is  moved  (see  CC  in  photo- 
graph, p.  551).  It  is  necessary  first  to  remove  the  bubble-tube 
from  the  telescope  in  order  to  get  at  the  screw  directly  above 
the  tube.  The  ring  is  moved  until  the  test  of  focusing  on  a 
far  point  and  a  near  point  is  satisfactory.     (See  pp.  586,  594.) 

587.  Adjustments  of  the  Compass.  The  adjustments  of 
the  compass  are  four  in  number;  they  affect  the  following  parts: 
I.  Levels.     II.  Sights.     III.  Needle.     IV.  Pivot-point. 

I.  Adjustment  of  the  levels.  Object.  To  make  the  axes 
of  the  level-bubbles  perpendicular  to  the  vertical  axis. 

Test  and  correction.  Exactly  the  same  as  for  the  similar  ad- 
justment of  the  transit  (p.  584),  except  that  after  bringing  a  bubble 
half-way  back  it  is  brought  the  rest  of  the  way  by  turning  the 
instnmient  on  the  ball-and-socket  joint.  On  some  compasses 
a  leveling-head  like  that  on  transits  is  furnished;  then  the  adjust- 
ment is  exactly  the  same. 

II.  Adjustment  op  the  sights.  Object,  To  bring  the  sights 
into  a  'Vertical  plane. 

Test.  Level  up  and  sight  at  a  suspended  plumb-line,  first 
through  one  of  the  sight  vanes  and  then  through  the  other, 
turning  the  instrument  so  that  each  sight  vane  in  turn  is  nearer 
the  plumb-line  than  the  other.  If  the  slit  in  either  is  not  ver- 
tical the  bottom  of  the  vane  must  be  refitted  to  the  plate. 

Correction.     Either  file  off  one  side  of  the  bottom  of  the  sight 

vane  or  insert  a  piece  of  paper  under  the  other  side.  * 

Remark.  Ordinarily  this  adjustment  should  not  be  necessary.  It  is 
not  essential  that  the  plane  of  the  sights  should  be  exactly  in  tHe  plane 
of  the  vertical  axis. 
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in.  Adjustment  op  tks  needle.  Object  To  straighten 
the  needle  so  that  its  two  ends  shall  lie  in  the  same  vertical  plane 
with  its  center. 

Test.  Let  the  needle  down  on  its  pivot  and  remove  the  glass 
top;  with  a  small  splinter  of  wood  bring  the  south  end  of  the 
needle  exactly  opposite  some  prominent  graduation  of  the  cir- 
cle^ as  the  zero-  or  ninety-degree  mark,  and  read  the  north  end. 
Turn  the  needle  on  its  pivot  end  for  end,  bring  the  north  end 
to  the  graduation-mark  on  the  circle,  and  read  the  south  end. 
If  the  two  readings  do  not  agree  the  needle  is  not  straight. 

Correction,  Remove  the  needle  from  its  pivot  and  straighten 
it  by  bending  it  in  the  direction  that  will  move  the  south  end 
toward  the  original  reading  of  the  north  end.  The  correction 
should  be  one  half  the  difference  of  the  two  readings;  but  as  this 
must  be  estimated,  the  needle  should  be  replaced  on  the  pivot 
and  the  test  and  correction  repeated  until  the  needle  is  straight. 

Suggeations.  (1)  Instead  of  turning  the  needle  on  its  pivot,  the  whole 
instrument  may  Jt)e  turned  if  preferred  to  brine  each  end  of  the  needle 
in  turn  to  the  same  graduation-mark.  (2)  In  addition  to  the  above  adjust- 
m^it  it  may  be  necessary  to  bend  the  ends  of  the  needle  slightly  up  or  dbwn, 
so  that  th^  shall  lie  in  the  same  plane  as  the  horizontal  circle — or,  better 
still,  a  trifle  above.  If,  however,  this  brings  the  ends  above  or  below 
the  i>lane  of  the  pivot-point  the  ends  of  the  needle  are  likely  to  be  unsteady. 
C!ontinued  resharpening  of  a  pivot  may  bring  its  point  much  too  low,  when 
the  only  remedy  is  a  new  center-pin. 

IV.  Adjustment  op  the  Pivot-point.  Object,  To  bring 
the  pivot-point  exactly  in  the  center  of  the  graduated  circle. 

Test,  Read  both  ends  of  the  needle  in  various  positions.  If 
for  every  position  of  the  needle  the  readings  for  the  two  ends 
agree,  the  pivot  is  in  the  center;  otherwise  it  must  be  centered. 

Correction.  Find  roughly  the  position  of  the  needle  where 
the  difference  in  the  two  readings  is  the  greatest.  Remove 
the  needle  and  bend  the  pivot  at  right  angles  to  this  direction. 
Replace  the  needle  and  see  if  the  readings  of  the  two  ends  agree. 
Repeat  the  process  until  the  readings  agree  for  any  position  of 
the  needle. 

Suggestions,  (1)  To  bend  the  pivot  apply  the  little  brass  wrench,  or 
the  flat  pliers  usually  furnished  with  the  instrument,  about  one  dghth  of 
an  inch  oelow  the  top  of  the  pivot.  (2)  This  adjustment  should  be  nuide 
after  the  needle  has  been  straightened  in  III. 

588.  The  Adjustments  of  the  Plane-table  are  practically 
the  same  as  some  of  those  already  given  for  the  transit  and 
the  level;  hence  it  is  unnecessary  to  treat  each  one  in  detail. 
They  may  be  summarized  as  follows: 
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L  Tbb  usveib.  This  adjustment  is  similar  to  the  second 
step  in  the  second  adjustment  of  the  level  (p.  595).  The  levels 
are  placed  near  the  center  of  the  board  and  reversed,  for  the 
testy  by  taking  them  off  and  turning  them  end  for  end  without 
moving  the  board.  The  bubble  is  brought  half-way  back  by 
adjustment,  and  the  rest  of  the  way  by  leveling  the  board.  The 
method  is  the  same  whether  the  levels  are  attached  to  the  ruler 
of  the  alidade  or  are  separate. 

II.  The  upper  surface  op  the  board  should  be  perpen- 
dicular to  the  axis.  Place  the  alidade  on  the  board,  bring  the 
bubble  under  the  telescope  to  the  center,  turn  the  table  through 
180°  without  disturbing  the  alidade,  and  correct  half  the  error 
by  inserting  washers  between  the  board  and  the  arms  that  hold 
it  to  the  tripod-head.  Turn  the  alidade  on  the  board  at  ri^t 
angles  to  its  first  position  and  repeat  the  test. 

III.  The  telescope.  The  line  of  sight  should  be  perpen- 
dicular to  the  supporting  axis,  and  the  supporting  axis  should 
be  parallel  to  the  top  of  the  table.  The  two  adjustments  corre- 
sponding to  these  two  requirements  are  similar  to  the  second 
and  third  adjustments  of  the  transit.     (See  pp.  586-591.) 


Remark.  It  is  desirable  though  not  essential  to  have  the  line  of  sight 
.Ither  in  the  plane  of  the  edge  of  the  ruler  or  parallel  to  it.  This  may  be 
tested  by  establishing  two  promts  20  ft.  or  so  away,  one  in  the  line  of  sight 


of  the  telescope,  the  Other  in  the  line  found  by  sighting  alon^  the  edge  of 
the  ruler.  If  these  fines  of  sight  do  not  lie  in  the  same  vertical  plane  or 
in  parallel  planes,  the  teIescoi>e  may  be  turned  slightly  by  loosening  the 
screws  which  attach  the  standard  to  the  ruler.  No  error  will  be  introduced 
if  the  above  requirements  are  not  fulfilled,  provided  the  vertical  planee 
throiigh  the  lines  of  sight  remain  at  a  fixed  angle  with  each  other. 

rV.  The  telescope  level.  Same  as  Adjustment  IV  of  the 
transit.    (See  p.  591.) 

V.  The  vertical  circle.  Same  as  Adjustment  V  of  the 
transit.    (See  p.  691.) 

589.  Adjustments  of  the  Sextant.  I.  Adjustment  of 
THE  INDEX-GLASS.  Object,  To  make  the  index-glass  perpen- 
dicular to  the  plane  of  the  graduated  arc. 

Test,  Hold  the  sextant  with  the  arc  away  from  the  body 
and  move  the  vernier  to  a  point  between  the  20®  and  40®  marks. 
Hold  the  eye  just  above  the  plane  of  the  arc  and  slightly  to  the 
right  of  the  index-glass.  Look  obliquely  into  the  right-hand 
side  of  the  glass  in  such  a  way  as  to  see  a  portion  of  the  aro 
both  directly  and  by  reflection  at  the  same  time.  If  the  direct 
and  reflected  portions  do  not  appear  to  form  a  continuous  curve 
the  index-glass  is  not  perpendi)3ular  to  the  plane  of  the  arc. 
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CorrecHon.  Change  the  inclination  of  the  glass  by  means 
of  the  screws  at  its  base,  or  by  whatever  means  have  been  pro- 
vided on  that  particular  instrumenti  imtil  the  above  test  is 
fulfilled.  It  may  be  necessary  to  insert  thin  paper  under  the 
base.  If  the  reflected  image  is  below  the  arc,  the  glass  is  lean* 
Ing  backward;  if  above,  forward. 

II.  Adjustment  of  the  horizon^qlass.  Object  To  make 
the  horizon-glass  perpendicular  to  the  plane  of  the  graduated 
arc    This  must  be  done  oiieT  the  index-glass  has  been  adjusted. 

Test.  Point  the  telescope  to  any  well-defined  object  and 
move  the  index-arm  slowly  back  and  forth  over  the  zero  of  the 
graduated  arc.  The  reflected  image  will  be  seen  moving  bstck 
and  forth;  if  it  passes  exactly  over  the  direct  image  the  two 
mirrors  are  perpendicular  to  the  plane  of  the  arc,  otherwise  the 
horizon-glass  should  be  adjusted. 

Correction,  Turn  the  screws  on  the  back  of  the  horizon-glass 
until  the  above  test  is  fulfilled. 

Suggeationa.  A  star  is  the  best  object  to  sight  at,  although  the  etm  will 
also  answer  the  purpose.  In  case  the  latter  b  used  it  is  wwl  to  make  the 
two  images  of  different  colors  by  use  of  the  glass-shades.  A  clear-cut  line 
of  some  terrestrial  object  may  be  used — as,  for  example,  a  vertical  edge  of 
A  tan  onimney,  half  a  mile  or  more  away.  In  tliat  case  the  vertical  line 
should  appear  straight  and  unbroken. 

ni.  Adjustment  of  telescope.  Object,  To  make  the  line 
of  sight  parallel  to  the  plane  of  the  graduated  arc. 

Test,  Place  the  sextant  face  upward  on  a  table  or  some 
other  firm  and  level  support,  point  the  telescope  at  some  ver- 
tical surface  about  20  ft.,  away.  Place  two  objects  of  equal 
height  on  the  extreme  ends  of  the  limb  to  serve  as  temporary 
sights.  Sight  across  the  tops  of  these  objects  and  mark  a  point 
where  the  line  of  sight  strikes  the  vertical  surface.  Near  this 
point  mark  another  point  where  the  line  of  sight  through  the 
telescope  strikes  the  same  surface.  The  difference  in  elevation 
between  these  two  points  should  equal  the  difference  in  eleva- 
tion between  the  axis  of  the  telescope  and  the  line  across  the 
top  of  the  two  temporary  sights,  measured  at  the  sextant;  other- 
wise the  telescope  must  be  adjusted. 

Correction.  Tip  the  ring  or  collar  that  carries  the  telescope 
by  means  of  the  proper  screws  until  the  above  test  is  fulfilled. 

Suggestions.  If  the  temporary  sights  are  made  of  the  same  height  as 
the  telescope  axis  the  two  points  on  the  vertical  surface  should  comcide. 
With  some  Instruments  two  peep-sights  are  furnished  for  this  purpose.    A 
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IV.  Index  error.  Object,  To  determine  the  reading  of 
the  arc  when  the  direct  and  reflected  image  of  an  object  coincide. 

Test,  Bring  the  direct  and  reflected  image  of  a  distant  point 
into  coincidence.  If  the  vernier  does  not  read  zero  the  error  is 
called  the  index  error. 

Correction,  The  error  may  be  corrected  by  turning  the 
horizon-glass  around  an  axis  perpendicular  to  the  plane  of  the 
graduated  arc.  As  this  adjustment  will  not  remain  perfect  it 
is  better  to  determine  the  index  error  from  time  to  time  without 
attempting  to  udjust  the  glass,  noting  whether  it  should  be 
added  or  subtracted  from  all  angle  readings,  and  then  apply 
it  as  a  correction  for  each  reading  when  measuring  angles. 

SuggesUons,  If  tho  vernier  eero  is  to  the  left  of  the  zero  of  the  gradu- 
ated arc  the  index  error  is  minus — ^i.c.,  it  must  be  subtracted  from  all  read- 
ings; if  to  the  right  it  is  plus.  Since  this  index  error  must  be  applied  as  a 
correction  to  every  an^e  reading  it  should  be  determined  with  great  care. 
For  terrestrial  measurements  it  will  suffice  to  sight  at  some  distant  hne. 
as  the  edge  of  a  chimney.  (See  suggestion,  second  adjustment.)  For 
astronomical  observations  the  error  should  be  determined  with  greater 
accuracy.  For  example,  the  direct  and  reflected  images  of  the  sun  may 
be  brought  externally  tangent  to  each  other  in  each  of  the  two  possible 
positions.  Call  the  reading  to  the  right  minus^  the  one  to  the  left  plus, 
and  al^braically  divide  by  two;  the  result  is  the  mdex  error  with  the  proper 
sign.  For  greater  accuracy,  repeat  the  process-  at  least  two  or  three  times 
and  take  the  mean  of  all  the  results.  In  taking  readings  to  the  dght  of 
the  aero,  be  careful  to  reverse  mentally  the  numbering  of  the  graduations 
OD  tbe  vernier. 


CHAPTER  XLVII 


THE  CARE  OF  INSTRUMENTS.* 

In  the  care  of  instruments  it  is  more  important  to  know  how  to  avoid 
unnecessary  wear  and  tear  than  it  is  to  know  how  to  make  repairs,  though 
the  surveyor  should  be  able  to  do  both.  The  most  important  precautions 
to  be  taken  in  the  care  of  instruments  are  suggested  in  this  chapter.  In 
addition,  directions  are  given  for  cleaning  instruments,  for  repairing  broken 
tapes,  for  replacing  broken  cross-hairs,  for  stopping  the  fretting  of  slides 
and  centers,  and  for  making  such  other  minor  repairs  as  do  not  require 
the  services  of  a  skilled  instrument-maker. 


590.  Precautions.  By  taking  proper  precautions  the 
wear  and  tear  on  instruments  may  be  greatly  reduced,  and  fre- 
quently  .permanent  injury  to  some  part  of  an  instrument  may 
be  avoided.  "/^  must  be  remembered  that  there  are  many  parts 
of  an  instrument  whichf  if  once  impaired,  cannot  he  restored  to 
their  original  efficiency." 

A  FEW  DONTS. 

1.  In  taking  an  instrument  out  of  its  box  do  not  lift  it  by 
the  standards  or  supporting  axis;  place  the  hands  imder  the 
plates  or  the  leveling-base.  There  is  no  excuse  for  certain 
makers'  persisting  in  furnishing  a  box  so  constructed  that  it 
is  impossible  to  lift  the  instrument  out  properly. 

2.  Do  not  leave  an  instrument  unguarded  in  a  street,  road, 
or  pasture,  or  in  the  close  vicinity  of  blasting. 

3.  Do  not  expose  an  instrument  needlessly  to  dust  or  damp- 
ness.    Carry  a  waterproof  hood  for  transits  and  levels. 

4.  Do  not  let  the  compass-needle  swing  needlessly;  always 
lift  it  from  its  pivot  before  starting  to  carry  the  instrument, 

♦  In  this  chapter  the  author  has  quoted  freouently  from  catalogs  of 
instrument-makers,  as  it  is  to  be  presumed  that  such  men  are  well  qualified  to 
^ve  directions  for  the  care  of  instruments.  Extracts  reproduced  word  for 
word  are  placed  in  quotation-marks;  but  as  it  is  impracticable  to  credit  each 
quotation,  this  method  is  ta.ken  of  acknowledging  the  author's  indebtedness, 
especially  to  the  firms  of  C.  h,  B^ger  &  Sons  and  Young  &  Sons. 
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Every  precaution  should  be  taken  to  guard  the  pivot  and  keep 
it  sharp. 

5.  Do  not  farce  screws  or  other  movable  parts  of  an  in- 
strument. 

6.  Do  not  continue  to  use  slides  or  centers  which  are  fretting. 
If  an  instnunent  has  met  with  a  fall,  bending  the  centers,  it 
should  not  be  revolved  until  repaired,  lest  still  further  injury  be 
done.  " 

7.  Do  not  allow  oil  or  grease  to  remain  on  exposed  parts,  for 
it  will  gather  dust. 

8.  Do  not  rub  lenses  with  silk  or  muslin.  Avoid  rubbing  them 
altogether;  use  a  brush  for  removing  dust. 

9.  Do  not  set  an  instrument  on  a  smooth  floor  without  proper 
precautions;  the  tripod-legs  are  apt  to  open  out  and  to  let  the 
instrument  fall. 

10.  Do  not  carry  an  instrument  on  the  shoulder  through  a 
doorway  or  in  any  place  where  it  is  likely  to  get  bumped. 

11.  Do  not  take  instruments  apart  unnecessarily.  "Even 
when  fittings  are  i>erfect  it  often  requires  care  and  experience 
to  place  them  together  properly.  A  screw  left  loose  or  one 
tightened  too  hard  may  interfere  with  the  correct  working  of 
the  instrument." 

12.  Do  not  let  a  "high"  level  rod  down  on  the  run,  or  lean 
the  rod  against  a  tree,  or  leave  it  in  any  other  position  where  it 
is  likely  to  fall. 

13.  Do  not  pull  on  a  steel  tape  when  there  is  a  kink  in  it, 
or  jerk  it  needlessly,  or  step  on  it  when  it  is  on  soft  ground,  or 
allow  vehicles  to  run  over  it,  or  bend  it  into  sharp  comers. 
If  a  tape  gets  wet  do  not  put  it  away  without  wiping  it  dry. 

14.  In  using  a  plane-table  do  not  start  to  carry  it  until  the 
little  compass-box  and  other  accessories  have  been  removed. 

A  FEW  PRECAUTIONS. 

1.  In  carrying  an  instrument  set  all  clamps  lightly  to  prevent 
needless  wear,  yet  loose  enough  so  that  if  the  parts  are  bumped 
they  will  yield. 

2.  In  carrying  the  transit  or  the  level  a  long  distance,  it  is 
better  to  put  it  in  its  box;  but  be  careful  that  there  is  no  loose- 
ness in  the  resting-blocks  or  in  any  of  the  parts  of  the  instru- 
ment itself. 
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3.  In  packing  an  instrument  for  shipment  it  is  best  to  fill 
in  the  hollow  spaces  with  paper  or  excelsior^  and  to  put  the 
instrument-box  in  another  box  about  an  inch  larger  all  around. 

4.  When  a  telescope  is  not  in  use  keep  the  cap  over  the  lens. 

5.  Keep  the  hands  ofif  the  vertical  circle  and  other  exposed 
graduations  to  avoid  tarnishing. 

6.  In  case  of  rain  when  there  is  no  waterproof  bag  at  hand, 
turn  the  telescope  object-end  up  with  the  cap  over  the  lena  to 
keep  the  water  out. 

7.  After  an  instrument  has  been  exposed  to  moisture,  wipe 
it  dry  before  putting  it  away. 

8.  ''To  protect  an  instrument  from  the  effects  of  salt  water, 
when  used  near  the  sea-coast,  a  fine  film  of  watch-oil  rubbed 
over  the  exposed  parts  will  often  prevent  the  appearance  of 
oxide.  To  remove  such  oxide-spots  as  well  as  possible,  apply 
some  watch-oil  and  allow  it  to  remain  for  a  few  hours,  then 
rub  dry  with  a  soft  piece  of  linen.  To  preserve  the  outer  s^pear- 
ance  of  an  instrument,  never  use  anything  for  dusting  except  a 
fine  camel's-hair  brush.  To  remove  water  and  dust  spots,  first 
use  the  camePs-hair  brush,  Mid  then  rub  ofif  with  fine  watch-oil 
and  wipe  dry;  to  let  the  oil  remain  would  tend  to  accumulate 
dust  on  the  instrument.'' 

591.  Steel  Tapes.  Care.  Wipe  tapes  clean  and  dry 
after  using.  To  remove  rust,  rub  with  oil  and  fine  sand 
or  emery.  On  the  better  class  of  tapes  use  a  little  mineral  oil 
instead,  as  sand  or  emery  is  likely  to  efface  the  etchings.  Some 
simple  device  for  holding  the  tape  is  useful  when  one  person 
does  the  scouring.  (See  Engineering  News,  March  9,  1899  and 
February  22,  1900.) 

(a)  Riveting  a  broken  tape.  One  of  the  best  devices  on 
the  market  for  mending  broken  steel  tapes  iis  an  eyelet  tool. 
This  consists  of  a  pimch  for  cutting  holes  in  the  tape  and  a 
set  which  clinches  or  sets  the  eyelets  used  as  rivets.  A  piece 
of  scrap-tape  an  inch  or  two  in  length  is  needed  to  serve  as  a 
splice;  if  possible  this  should  be  of  the  same  width  as  the  broken 
tape,  and  with  the  same  graduations.  Lay  one  end  of  the  tape 
on  the  splice,  taking  care  to  match  the  graduations  if  the  tape 
is  fully  graduated.  Clamping  the  two  pieces  together,  punch  a 
hole  about  half  an  inch  back  from  the  broken  end  and  set  the 
eyelet  or  rivet  as  soon  as  the  hole  is  punched-.  Usually  one  addi- 
tional rivet  will  be  needed.     If  the  tape  is  wide  the  two  rivets 
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may  be  set  crosswise;  if  narrow  they  may  be  set  tandem.  Make 
the  other  broken  end  of  the  tape  butt  against  the  end  already 
fastened  to  the  spKce  and  rivet  it  in  the  same  manner.  After 
riveting,  cut  away  a  portion  of  the  original  tape  at  the  splic^ 
by  filing  a  notch  crosswise  close  to  the  rivets  on  each  side  of  the 
joint;  slip  a  knife  under  and  break  off  the  ends  at  the  file-marks. 
Unless  this  is  done  the  tape  is  apt  to  break  again  at  the  splice. 
In  a  similar  manner  the  ends  of  the  splice-piece  may  be  cut  off 
close  to  the  last  rivets.  The  splice  should  not  be  less  than 
three  fourths  of  an  inch  long.  In  mending  a  heavy  tape  the 
above  method  must  be  modified  by  punching  one  thickness  at 
a  time.  Punch  one  piece,  and  then  clamping  it  to  the  other 
punch  the  second  piece  through  the  holes  already  made  in  the 
first.  For  thick  tapes  solid  copper  rivets  fastened  with  a  ham- 
mer may  be  used  in  place  of  eyelets. 

(6)  Soldering  a  broken  tape.  Another  good  method  of 
mending  a  tape  is  to  wrap  a  small  strip  of  copper  aroimd  the 
broken  joint  and  to  fasten  it  with  soft  solder.  The  outfit  required 
consists  of  a  small  soldering-iron  or  a  blowpipe,  some  flux  and 
solder,  small  flat-nosed  pliers,  a  small  flat  file  and  a  piece  of 
emery  cloth. 

Clean  the  broken  ends  with  the  emery  cloth  imtil  the  surfaces 
are  bright,  moisten  with  flux,  melt  a  small  piece  of  solder, 
spread  it  on  both  sides  of  the  tape,  and  wipe  the  solder  with  a 
piece  of  cloth  while  the  tape  is  still  hot.  Both  of  the  broken 
ends  having  been  tinned  in  this  way,  clean  one  side  of  the  cop- 
per strip  with  the  emery  cloth  and  give  it  a  similar  coating. 
Bring  the  broken  ends  in  perfect  contact,  put  on  the  copper 
sleeve,  slowly  heat,  and  when  the  solder  is  hot  enough  to  run 
clamp  the  joint  with  the  pliers  for  a  moment.  When  cool  trim 
the  copper  sleeve,  filing  off  any  solder  that  may  remain  on  the 
outside,  and  polish  the  joint  with  the  emery  cloth. 

SuggestioTia.  Flux  may  be  made  by  putting  zinc  into  muriatic  acid,  and 
when  the  bubbles  cease  to  rise,  adding  all  the  sal-ammoniac  that  the  acid 
will  dissolve.  Stick-flux^  or  prepared  flux,  such  as  electricians  use,  is 
more  convenient  to  carry  m  the  field.  Resin  is  also  used.  (2)  If  the  work 
has  to  be  done  in  the  field,  as  is  often  the  case,  the  method  may  be  modi- 
fied as  follows:  Cut  a  strip  of  tin  about  i  inch  to  f  inch  wide  (a  piec«  from 
an  old  tin  can  will  answer  the  purpose),  and  of  such  a  length  that  it  will 
reach  around  the  tape  to  be  mendea,  and  just  about  meet  on  the  flat  side- 
not  the  edge.  Using  one  end  of  the  tape  as  a  '  'form,"  bend  the  strip  into 
a  sleeve,  insert  the  oroken  ends  of  the  tape  until  by  measuring  between 
graduation-marks  they  are  known  to  be  in  perfect  contact,  clamp  the  sleeve 
tightly  about  the  tape  with  the  pliers,  heat  the  joint,  and  i>ut  niffioient 
flux  on  to  run  under  the  sleeve.  Hold  the  solder  on  imtil  it  has  melted 
und  n)n  under  ^d  i^bout  the  sleeye,  then  allow  it  tp  cop}  wit|iout  mov^* 
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ment  of  the  ends  of  the  tape.  A  number  of  sleeves  may  be  made  in  advance; 
and  these,  together  with  solder,  stick-flux,  a  candle  for  heating  the  tape, 
a  small  flat  me,  and  a  pair  of  pliers,  form  an  outfit  which  can  be  earned 
in  the  pocket.  Tapes  can  be  mended  in  this  manner  in  a  few  minutes  and 
will  stand  all  a  man  can  pull.  (3)  Sleeves  should  not  be  more  than,  say,  f 
inch  wide.  If  the  break  is  a  long  one  use  a  piece  of  old  tape  and  two  sleeves. 
Too  long  a  sleeve  interferes  with  the  pliability  of  the  tape. 

(c)  Emergency  repairs.  There  are  several  methods  of 
mending  a  broken  tape  in  the  field  when  no  outfit  for  riveting 
or  soldering  is  at  hand. 

The  sHck'Splice.  A  chain  tape  may  be  spliced  temporarily 
as  follows:  Secure  a  tound  stick  about  4  in.  long  and  i  in. 
in  diameter,  and  split  it  lengthwise,  making  two  half-roimd 
pieces.  Across  the  flat  side  of  one  of  these  pieces  and  equidis- 
tant from  the  two  ends  cut  two  notches  about  }  in.  apart,  i  in. 
deep,  and  at  right  angles  to  the  axis  of  the  stick.  Bend  J  in. 
of  each  of  the  broken  ends  of  the  tape  at  right  angles  to  fit  the 
notches  in  the  stick,  taking  care  that  when  these  ends  are  in- 
serted in  the  notches  the  graduations  shall  be  the  proper  distance 
apart.  Complete  the  sphce  by  placing  the  other  half-round  stick 
with  its  flat  side  against  the  tape  to  hold  the  ends  in  place,  and 
binding  the  two  halves  together  with  stout  string  so  that  they 
are  almost  as  they  were  before  the  stijck  was  split.  Trim  each 
end  of  the  stick  to  slope  like  a  sharpened  pencil,  so  that  it  will 
not  catch  in  the  brush.  Such  a  splice,  made  in  a  few  minutes^ 
will  frequently  last  several  days,  or  until  more  permanent  repairs 
can  be  made. 

Rough  riveting.  Tapes  may  be  roughly  riveted  as  follows; 
Drive  a  darning-needle  through  a  thick  piece  of  wood,  allowing 
each  end  to  project.  The  needle,  supported  by  the  wood  through- 
out most  of  its  length,  may  then  be  used  as  a  punch.  The  broken 
ends  of  the  tape  may  be  riveted  to  the  splice-piece  with  large 
pins  cut  off  and  hammered  down,  or  they  may  be  laced  together 
with  fine  wire;  the  lacing  should  be  continued  until  the  holes 
are  filled  with  the  wire,  and  then  it  should  be  smoothed  and 
pressed  down  with  pliers  or  with  two  blocks  of  wood.  Tapping 
the  wire  with  a  hammer  is  likely  to  break  the  tape. 

592.  Lubricants.  Watch-oil,  vaseline,  and  rendered  mar- 
row are  all  used  for  lubricating  different  parts  of  surveying 
instruments.  For  most  purposes  watch-oil  is  the  best.  (See 
Care  of  Centers,  p.  618,  for  the  advantages  and  disadvan- 
tages of  different  lubricants.)  The  tendency  is  to  use  lubri- 
cants too  freely.     As  a  rule  any  part  which  has    been  oiled 
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should  be  wiped  ofif  clean;  enough  oil  will  remain  after  an  effort 
has  been  made  to  remove  it.  No  part  exposed  to  the  dust 
should  be  greased.  Before  applying  oil  make  sure  that  all  dust 
or  foreign  matter  has  been  removed  from  the  part  to  be  oiled. 

593.  To  Clean  Screws  and  Screw-holes.  Screws 
may  be  washed  in  soap  and  water  applied  with  a  stiff  tooth- 
brush, then  oiled  and  wiped  clean.  The  inside  of  nuts  and  other 
threaded  holes  may  be  cleaned  by  screwing  through  the  hole 
a  piece  of  soft  wood  with  two  sides  thinned  down,  applying  a 
little  oil  and  removing  it  in  the  same  manner.  Unless  the  oil 
or  grease  is  almost  wholly  removed  the  screw-threads  are  likely 
to  be  injured  by  dust  adhering  to  the  screw. 

594.  Verniers  and  Graduated  Arcs.  The  first  rule  in 
cleaning  graduated  arcs  is  to  avoid  rubbing  the  edge  of  the 
graduations.  Every  precaution  should  be  taken  to  protect 
the  edges,  for  if  they  become  worn  or  injured  the  value  of  the 
entire  instrument  is  greatly  lessened.  "To  remove  dirt  and 
oxide  that  may  have  accumulated  on  the  surface  of  a  sohd  silver 
graduation,  apply  some  fine  watch-oil  and  allow  it  to  remain 
for  a  few  hours;  take  a  soft  piece  of  Unen  and  rub  lightly 
xmtil  dry,  but  without  touching  the  edge  of  the  graduation.  If 
after  cleaning  the  solid  silver  surface  should  show  alternately 
brighter  spots,  which  would  interfere  somewhat  with  the  accu- 
rate reading  of  the  graduation,  barely  moisten  the  finger  with 
vaseUne  and  apply  the  same  to  the  surface;  then  wipe  the 
finger  dry  and  hghtly  rub  it  once  or  twice  around  the  gradu- 
ation. Avoid  touching  the  edges  as  much  as  possible.  Such 
cleaning,  however,  must  be  resorted  to  only  when  absolutely 
nr^cessary,  and  then  only  with  the  greatest  care,  as  it  is  apt  to 
reduce  the  minuteness  of  the  graduation  and  to  spoil  its  fine 
appearance.  If  after  such  cleaning  dirt  and  grease  have  accu- 
mulated on  the  inner  edge  of  the  graduation  and  verniers,  gently 
wipe  clean  before  restoring  the  vernier-plate  to  place."  Before 
applying  oil  or  vaseline  to  graduations  brush  all  dust  from  the 
surface  with  a  camePs-hair  brush.  Scouring  the  surface  with 
any  form  of  silver  polish  may  seriously  injure  the  graduations. 

595.  Compass-needles.  To  balance  the  needle.  If  the 
needle  is  only  a  trifle  out  do  not  meddle  with  it,  as  there  is  dan- 
ger of  doing  more  harm  than  good;  but  if  the  compass^needle 
requires  to  be  balanced,  proceed  as  follows:  Remove  the  glass 
cover  by  unscrewing  the  ring  which  holds  it,  or  in  some  inatru*- 
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ments,  by  gently  prying  ofif  the  ring  with  a  knife  where  the 
two  ends  come  together.  Raise  the  needle  ofif  its  pivot  by  the 
lifter  and  remove  it  with  a  pair  of  tweezers.  Shift  the  weight- 
coil  slightly  and  replace  the  needle  on  the  lifter,  then  use  the 
latter  to  lower  it  to  place.  If  the  needle  is  removed  directly 
from  the  pivot  or  replaced  without  using  the  lifter,  the  delicate 
pivot-point  is  apt  to  be  injured.  It  is  not  always  necessary  to 
remove  the  compass-glass  entirely.  Frequently,  by  means  of 
beeswax  slightly  softened,  the  glass  may  be  lifted  (after  the 
ring  has  been  removed)  just  enough  to  take  out  the  needle. 

To  Mraighten  the  needle     (See  page  603.) 

To  remagnstize  the  needle.  This  should  not  often  be  necessary. 
It  may  be  done  as  explained  on  page  295. 

596.  Levd  Bubbles  and  Tubes.  It  frequently  hap- 
pens that  the  glass  tube  of  a  spirit-level  becomes  loose  in  its 
brass  tube,  or  is  broken  and  has  to  be  replaced.  Extra  tubes 
are  often  provided  with  the  instrument.  "Upon  finding  that 
the  adjustment  of  a  spirit-level  in  an  even  temperature  is  not 
as  stable  as  desirable,  the  level  fastenings,  tube,  screws,  etc., 
should  be  examined,  to  see  if  any  of  them  are  loose.  If  the 
trouble  is  in  the  screws,  tighten  them,  but  if  the  spirit- 
level  can  be  shifted  in  its  tube  by  a  touichof  the  finger,  take  it 
apart;  soften  the  plaster  of  Paris  in  water,  and  remove  it  with 
a  sharp-pointed  stick  of  wood.  Cautiously  move  the  spirit- 
level  with  your  finger,  at  first  only  a  trifle  to  and  fro,  increasing 
the  length  of  stroke  little  by  httle,  imtil  it  can  be  safely  taken 
out  without  breaking; — clean  thoroughly.  Cut  pieces  of  white 
paper,  of  the  width  of  the  radius  of  the  tube,  and  somewhat 
shorter  than  the  length  of  the  spirit-level,  but  longer  than  the 
opening  in  the  brass  tube,  and  insert  these  in  sufficient  quantity 
at  the  bottom  of  the  brass  tube,  to  fill  up  the  space  intervening 
between  the  glass  and  the  brass  tube.  The  uppermost  layer  of 
paper  should,  however,  be  so  wide,  as  to  envelop  the  spirit- 
level  up  to  the  caning  in  the  brass  tube.  Now  insert  the  spirit- 
level|  taking  care  not  to  touch  the  glass  ends  that  are  sealed, 
and  place  the  division  or  other  marks,  indicating  where  the 
level  has  been  groimd  to  a  true  curvature,  uppermost  in  the 
brass  tube.  The  level  must  be  pushed  in  with  sufficient  friction 
to  prevent  slipping  in  the  tube,  yet  not  so  tight  as  to  cause  a 
crack  at  a  subsequent  low  temperature,  as  brass  will  contract 
more  than  glass.    No  part  of  the  spirit-level  should  touch  any 
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part  of  the  metal  tube.  Now  prepare  some  plaster  of  Paris 
with  water,  of  the  consistency  of  paste,  and  pour  in  at  each  end 
enough  to  fill  up  the  spgice  between  the  end-pieces  and  the  glass, 
stirring  it  sufficiently  to  make  a  perfect  contact  by  it  and  the 
glass  and  the  brass,  but  leaving  the  spirit-level  ends  exix>sed. 
Now  put  the  level  together  and  adjust  as  described  elsewhere." 
597.  Telescope,  (a)  Care  op  lenses.  "The  lenses  of  a 
telescope  should  not  be  cleaned  too  often.  Too  frequent  wip- 
ings  will  scratch  the  glass  and  injure  the  polish,  which  is  more 
injurious  than  a  little  speck  of  dirt.  When  it  becomes  necessaiy 
to  clean  the  glass,  take  a  soft,  dry  piece  of  chamois-skin  or  an  old 
piece  of  linen  which  by  repeated  washing  has  become  soft.  K 
the  glass  is  very  dirty  use  a  Uttle  alcohol,  but  be  careful  not 
to  touch  the  mounting  of  the  lens,  as  the  alcohol  dissolves  the 
lacquer.  Dirt  on  the  eyepiece  especially  on  the  field-lens,  is  far 
more  objectionable  than  on  the  objective;  hence  the  former 
requires  more  frequent  cleaning.  Small  scratches  and  bubbles 
in  the  objective  have  no  seriously  injurious  effect,  as  they  only 
take  up  a  very  small  portion  of  light."*  Sometimes  a  film 
settles  between  the  crown  and  flint  glasses  of  the  objective. 
If  this  film  is  simply  moistm-e  it  can  be  evaporated  usually  by 
placing  the  telescope  in  the  sun  or  in  a  warm  room  some  dis- 
tance from  a  stove.  Sometimes  it  is  advisable  to  remove  the 
eyepiece  and  to  let  the  telescope  stand  with  a  cloth  over  the  open 
end,  in  order  that  the  moistm-e  on  the  inside  may  evaporate  more 
rapidly.  If,  however,  the  haziness  is  caused  by  a  network  of 
small  cracks  in  the  cement  between  the  two  glasses,  or  if  it 
cannot  be  removed  by  evaporation,  the  telescope  should  be 
sent  to  the  maker  or  to  an  expert.  Do  not  imscrew  the  lens 
of  the  objective  if  it  can  be  avoided.  Small  specks  of  dust  or 
lint  should  be  brushed  from  the  glass  with  a  camePs-hair  brush. 
The  glass  next  to  the  eye,  especially  in  high  powers,  frequently 
becomes  dimmed  from  moisture  of  the  eyelash.  It  should  seldom 
be  necessary  to  wipe  the  inside  of  glasses  that  are  protected;  but 
if  the  objects  seem  dim  and  the  outside  surfaces  of  the  lenses 
seem  clean,  remove  the  eye  piece  and  look  through  it.  If  it  is  not 
clear,  examine  the  inner  end;  very  hkely  the  surface  of  the  lens 
most  remote  from  the  eye  needs  cleaning.  While  the  eyepiece 
is  out  look  through  the  telescope  to  see  if  the  object-glass  is 
clear. 

*From  the  catalogue  of  the  Bausch,  Lomb,  Saegmuller  Co. 
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(&)  Care,  op  the  focusing  slides.  Both  the  eyepiece  and 
the  objective  should  move  freely  for  focusing.  If  dust  or  grit 
causes  either  to  fret,  deep  scratches  are  likely  to  be  cut  in  the 
soft  metal;  hence  the  slide  should  be  attended  to  as  soon  as 
possible  after  it  begins  to  fret.  **Once  commencing  to  fret  it 
grows  worse  rajyidly,  and  oftentimes  is  then  beyond  repairing. 
Never  use  emery  or  emery-paper  on  slides  as  this  will  cause 
serious  trouble  afterward.  After  a  thorough  cleaning  of  the 
shde  and  tube  (taking  care  not  to  break  the  cross-wires), 
endeavor  to  smooth  carefully  the  injured  parts  with  the  back 
of  a  pen-knife,  and  apply  barely  enough  tallow  to  grease  the 
surface  of  the  injured  part.  If  this  does  not  remove  the  trouble, 
a  little  scraping  of  the  roughened  parts  on  the  slide,  and,  if 
accessible,  on  the  inside  of  the  tube,  may  become  necessary; 
then  apply  a  mere  trifle  of  finely  powdered  pumice-stone  moist- 
ened with  oil.  Replace  the  slide  and  gnnd  a  little  by  moving  it  in 
and  out;  dean  thoroughly ,  and  with  a  piece  of  charcoal  moistened 
with  oil  smooth  the  parts  thus  ground  on  the  slide.  This  process 
of  grinding  is  a  most  precarious  operation,  and  generally  requires 
the  hand  of  a  skillful  workman;  it  should  be  resorted  to  only 
in  case  of  the  utmost  necessity.  Whenever  permissible,  recourse 
should  be  had  to  a  maker.  These  remarks  apply  equally  to  the 
centers." 

"To  prevent  the  focusing  slide  from  fretting,  which  is  usually 
due  to  the  rush  of  air  carrying  in  dust  and  grit  when  the  slide  is 
being  run  out  and  is  causing  momentarily  a  rarefied  space,  wrap  a 
piece  of  chamois-skin  over  the  barrel  in  the  shape  of  a  tubular 
form  and  fasten  by  means  of  rubber  bands  or  by  sewing.  In  an 
emergency  fine  watch-oil  may  be  used  to  grease  the  slide  should 
it  continue  to  fret,  until  the  instrument  can  be  sent  to  the 
maker.  In  case  of  rain  during  non-use,  place  the  telescope 
vertical,  object  end  up,  and  no  water  can  enter  the  telescope." 

"If  the  focusing  slide  seems  to  work  too  hard,  everything  else 
being  right,  it  is  generally  caused  by  the  lubricant  on  the  pinion 
hardening  in  cold  weather,  and  the  same  cause  may  also  make 
the  focusing  slide  work  too  freely  in  hot  weather  by  soften- 
ing, i.e.,  the  slide  will  not  stay  in  place  when  in  a  vei-tical  position. 
If  the  slide  moves  too  freely  it  should  be  tightened  by  running 
out  the  slide  to  its  full  length,  then  applying  a  screw-driver  to 
the  screw  on  top  of  the  focusing  screw  and  turning  a  very  small 
part  of  a  turn  until  the  required  friction  is  obtained.    If  the 
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Elide  works  too  tightly  run  in  the  sUde,  unscrew  thq  top  screw 
one  turn,  gently  tap  it  by  the  screw-driver  handle  to  release  it, 
and  then  tighten  to  the  required  stiffness/' 

"A  great  deal  of  annoyance  is  caused  to  the  engineer  if  the  eye* 
piece  or  the  object-slide  of  the  telescope  moves  too  freely  m 
its  tube,  requiring  a  refocusing  of  the  cross-wires  and  object 
at  every  revolution  of  the  telescope  in  altitude.  If  the  eye- 
piece can  be  retained  in  its  socket,  with  sufficient  friction  to 
keep  it  focused  to  the  cross-wires,  no  matter  how  much  it  may 
wabble  otherwise,  this  imperfection  (in  old  instruments)  wiH 
not  lead  to  any  inaccuracy;  but  if  there  is  not  sufficient  friction 
to  keep  it  focused  to  the  wires,  a  Uttle  rendered  tallow  or  mar- 
row applied  to  its  bearing-surfaces  in  most  cases  will  remedy 
this  evil.  Wabbling  in  the  object-slide,  ^however,  leading  to 
inaccuracy  of  collimation,  or  back-lash  in  its  rack  and  pinion 
motion,  can  be  remedied  only  by  a  maker;  but  if  the  object- 
shde  moves  too  freely  in  and  out  of  its  tube  only,  this  may  be 
Temedied  by  applying  a  little  tallow  to  the  bearing-parts  d 
the  rack  and  pinion,  or  by  tightening  the  screw  in  the  pinion- 
head.  If  not  entirely  successful,  a  thin  disk  made  of  parch- 
ment, or  a  thin  leather-washer,  both  greased  with  tallow  and 
inserted  between  the  flanges  of  the  pinion-head  and  its  socket, 
will  insure  the  desired  result." 

Whenever  it  becomes  necessary  to  remove  the  object-glass 
slide,  a  test  should  be  made  for  the  line  of  collimation  after  it 
is  replaced.     (See  p.  602.) 

(c)  Replacing  broken  cross-hairs.  The  whole  process  of 
replacing  broken  cross-hairs  is  very  easy,  and  can  be  carried 
out  in  less  time  almost  than  is  required  to  explain  it.  (1)  Take 
the  cross-hair  ring  out  of  the  telescope  and  clean  it.  The  fine 
scratches  which  indicate  where  the  cross-hairs  are  to  go  should 
be  plainly  visible  after  the  old  shellac  and  other  foreign  matter 
have  been  removed  from  the  surface.  Lay  the  ring  on  a  flat 
surface,  marked  side  uppermost.  (See  p.  551.)  (2)  Procure  a 
clean,  fine,  opaque  spider-web  and  stretch  it  across  the  ring 
so  that  it  coincides  with  two  of  the  opposite  scratches.  Fasten 
one  end  with  a  drop  of  shellac,  wait  for  this  to  harden,  then, 
making  sure  that  the  hair  is  stretched  tight,  fasten  the  other 
hair  in  a  similar  manner.  Allow  the  shellac  to  harden  for  several 
minutes,  cut  off  the  two  ends  of  the  web,  and  then  proceed  in 
the  same  manner  to  replace  the  other  web  if  that  too  is  broken. 
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Suogeations.  (1)  In  many  telescopes  it  is  necessary  to  remove  the  eye- 
piece nng  in  order  to  take  out  the  cross-hair  ring.  (2)  In  removing  the  cross- 
nair  ring  proceed  as  follows:  Take  out  first  the  two  side  capstan  screws 
that  hold  the  ring  in  place,  and  loosen  sliqhtly  the  other  two  screws.  Turn 
the  ring  at  right  ancles  to  its  usual  position  so  that  one  of  the  holes  from 
which  a  screw  has  been  removed  is  toward  the  eye-end  of  the  telescope. 
Sharpen  a  piece  of  soft  wood  to  fit  the  hole,  and  screw  it  in  lightly  imtil 
it  passes  throu^  both  holes.  Remove  the  top  and  bottom  ctostan  screws 
and  take  the  nng  out  on  the  end  of  the  stick.  Leave  the  stick  in  the  ring 
to  serve  as  a  handle  while  replacing  the  cross-hairs,  and  then  use  it  after- 
ward in  i^uttin^  the  ring  back  in  the  telescope.  (3)  There  are  two  ways 
of  procunng  spider-webs — from  the  spider's  nest  or  cocoon  and  from  the 
spider  itself.  The  best  spider- threads  are  those  of  which  the  spider  maka^ 
its  nest.  These  nests  are  vellowish  brown  balls,  which  may  be  found  hang> 
ing  on  shrubs,  etc.,  in  the  late  fall  or  early  winter.  The  nest  should  be  torn 
open  and  the  eggs  removed;  if  this  is  not  done  the  young  spiders  when 
hatched  wUl  eat  the  threads.  The  fibers  next  to  the  egfcs  are  to  be  pre- 
ferred on  aocount  of  their  fineness  and  darker  color.  One  or  two  cocoons 
may  be  kept  on  hand,  and  if  desired  they  may  be  wrapped  in  a  bit  of  paper 
and.  carried  in  the  pocket,  where  they  are  always  ready.  From  the  spider's 
ooooon  select  two  or  three  webs,  each  about  two  inches  long  and  of  the 
same  appearance.  Attach  each  end  of  these  webs  to  a  bit  of  wood  or  wax 
to  act  as  weights,  and  immerse  them  in  water  five  or  ten  minutes.  Remove 
one  web  from  the  water,  and  very  gently  pass  it  between  the  fore-finger 
and  thumb  nails,  holding  it  vertically  to  remove  any  particles  of  moisture 
or  dirt.  Then  stretch  it  across  the  ring  as  already  explained.  The  little 
weights  should  be  about  as  heavy  as  the  hair  will  support  in  order  to  stretch 
it  tuj^t,  and  before  dropping  the  shellac  on  either  end  examine  the  hair 
with  a  magnifyin^-^ass  to  see  if  it  exactly  coincides  with  the  scratch;  if 
it  does  not,  move  it  gently  with  a  knife-point.  If  the  ring  is  placed  nearly 
on  a  level  with  the  eye  and  between  it  and  the  source  of  light  (as  a  window), 
the  spider-web  will  glisten  and  become  plainly  visible;  otherwise  it  is  some- 
times difficult  to  see  it.  (4)  When  a  cocoon  Cannot  be  procured,  a  spider 
can  usually  be  found.  Cut  a  forked  stick  five  or  six  inches  long,  get  the 
spid^  on  the  end  of  one  of  the  prongs  and  gently  shake  him  off.  He 
will  usually  beipn  to  spin  a  web,  and,  as  he  spins,  wind  the  web  around 
the  fork  in  such  a  way  that  no  two  strands  will  be  close  together.  If  the 
fork  is  pressed  together  a  very  litUe  during  the  winding  it  will  stretch 
the  weM  when  released.  When  one  strand  is  laid  across  the  ring  the 
forked  stick  will  act  as  a  weight  to  stretch  it  tight. 

((Q  To  REMOVE  DUST  PROM  CROSS-HAIRS.  Take  out  the  eye- 
piece or  object-glass  (or  both  if  necessary)  and  blow  gently 
through  the  tube.  Cover  up  both  ends  and  wait  a  few  minutes 
before  putting  back  the  eyepiece  or  object-glass.  K  the  object- 
glass  is  removed,  a  test  should  be  made  for  the  line  of  collima- 
tiou  (see  p.  602.)  Unless  the  small  particles  of  dust  are  on  such 
a  part  of  the  web  as  to  interfere  with  its  use  it  is  preferable  to 
allow  them  to  remain. 

598.  Care  of  Tripods.  "Legs  of  tripods,  if  fitting  too 
loose  or  too  tight,  and  dull  shoes  are  frequent  sources  of  falls. 
The  test  of  the  proper  degree  of  tightness  of  the  legs  is  this, 
that  if  the  leg  is  raised  to  a  horizontal  position  and  left  free,  it 
should  gradually  sink  to  the  ground.  If  it  drops  abruptly  it 
is  too  loose;  if  it  does  not  sink  it  is  too  tight."  The  nuts  will 
need  adjustment  after  a  period  of  dry  or  damp  weather  or  after 
the  tripod  has  been  kept  in  the  dry  atmosphere  of  a  room.    The 
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steel  shoes  will  loosen  from  wear  and  tear  unless  the  screws  are 
tightened  from  time  to  time.  Keep  them  somewhat  sharp,  for  the 
greater  the  hold  on  the  ground  and  the  more  carefully  the  screws 
are  tightened,  the  steadier  the  instrument.  When  the  tripod 
becomes  wet  wipe  dry  and  renew  the  varnish  whenever  necessary. 

599.  Care  of  Cenlers,  Spindles,  and  Sockets.  These 
should  be  cleaned'  and  oiled  occasionally,  the  oil  being  wiped 
off  with  a  soft  cloth  or  chamois-skin.  The  outer  spindle  of  a 
transit  will  need  more  attention  than  the  inner  spindle,  and 
the  two  plates  should  not  be  taken  apart  unless  it  is  necessary. 
So  long  as  centers  work  freely  it  is  best  not  to  disturb  them. 

"The  centers  of  a  transit  should  always  be  lubricated  with 
fine  watch-oil  orUy,  and  after  a  careful  cleaning;  never  apply 
fresh  oil  before  thoroughly  wiping  off  old  grit  and  oil.  Rendered 
marrow  is  a  most  excellent  lubricant  for  instruments  made  of 
brass  and  the  many  kindred  alloys  of  copper  and  tin.  In  the 
varying  climes  of  our  northern  latitudes  this  lubricant  becomes 
rigid  in  cold  weather,  and  an  instrument  so  treated  will  often 
become  unmanageable  in  the  field.  Its  application,  particu- 
larly to  the  centers  of  a  transit,  is  therefore  restricted  to  the 
warmer  zones.  The  use  of  watch-oil  for  the  finer  parts  of  an 
instrument,  involving  freedom  of  motion,  is  imperative  in  our 
latitudes," 

"Many  parts  of  an  instnunent,  especially  those  whose  metal 
compositions  are  closely  related  to  each  other,  may  sometimes 
cause  trouble  if  simply  oiled.  If  they  begin  to  fret  and  grind, 
but  are  otherwise  free  from  grit,  etc.,  the  judicious  application 
of  a  little  marrow  may  prove  very  beneficial,  but  it  should  be 
cleaned  off  again  as  much  as  possible.  The  rack  and  pinion 
motion  and  the  telescope  clamp  should  always  be  greased  with 
marrow,  but  the  clamp-,  tangent-,  and  leveling-screws  should 
receive  as  little  of  it  as  possible  in  the  Northern  States." 

"Vaseline,  not  having  as  great  a  tendency  to  rigidity  under 
similar  circiunstances,  may  prove  an  excellent  substitute  for 
marrow,  and  may  often  be  applied  to  level-centers,  where  watch* 
oil  would  not  give  the  necessary  rigidity  in  the  use  of  the  more 
ordinary  instnmients,  but  it  must  be  renewed  quite  often.  In 
the  finer  class  of  leveling  instruments,  the  centers  should  be 
lubricated  with  oil  only,  as  in  transits." 

Sockets  may  be  cleaned  with  a  stick  of  about  the  same  taper, 
aroimd  which  wash-leather,  soaked  in  oil.  has  been  wrappec^ 
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the  final  cleaning  being  done  with  fresh  pieces  of  the  leather 
vnihout  the  oiL 

(tt)  "Fretting  of  centers  should  be  treated  in  the  same  way 
OS  fretting  of  the  slide  to  the  telescope.  If  imable  to  stop  it, 
temporary  relief  may  be  foimd  on  placmg  between  the  shoulders 
of  the  centers  a  washer  of  thin  paper  or  thin  card.  There  will 
then  be  a  shake  in  the  center,  but  this  is  a  lesser  evil  than  the 
entire  loss  of  the  use  of  the  instnunent/' 


APPENDIX  I 


DETERMINATION  OP  A  MERIDIAN  BY  SOLAR  OBSERVATION 

In  this  appendix  three  methods  of  determining  a  meridian  are  explained, 
viz.:  (1)  Method  of  single  cUtitude  by  direct  observation  on  the  sun.  (2) 
Method  involving  the  use  of  the  solar  aUachmerU.  (3)  Method  of  eovcu 
cUtitudes  of  the  sun  or  of  a  star.  In  each  case  the  method  of  procedure 
is  given  in  detail,  so  that  it  may  be  easily  followed  by  any  one  who  is  accus- 
tomed to  the  use  of  surveying  instruments  and  who  has  a  knowledge  of 
spherical  trigonometry.  All  three  methods,  howe\''er,  will  be  understood 
better  if  stumed  in  connection  with  a  course  in  field  actronomsr.  On  page  632 
two  common  and  very  simple  methods  of  determining  latitudes  are  out- 
lined. _^___^____^ 

600.  The  Astronomical  Triangle.  When  the  sun  is 
the  only  heavenly  body  observed,  the  celestial  n)here  may 
be  considered  to  have  a  radius  equal  in  length  to  vdb  distance 


CeledOai 


R 
(Sunrise) 
.(East)  > " 

Fig.  600. 

from  the  earth  to  the  sun.    If  the  axis  of  the  earth  is  produced 
indefinitely  it  will  intersect  the  celestial  sphere  in  a  point  called 
the  celeMial  pole  represented  by  P  in  Fig.  600*    If  a  line  from 
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the  center  of  the  earth  through  any  point  on  its  surface  is  pro* 
duced  indefinitely  it  will  pierce  the  celestial  sphere  in  the 
teniih  for  that  point,  and  hence  observers  at  different  points 
will  have  different  zeniths,  but  the  celestial  pole  is  the  same 
for  alL  If  in  Fig.  600,  Z  is  the  zenith  for  an  observer  at  0 
then  the  circle  S''ENW  is  the  horizon.  The  arc  EBDW  rep- 
resents the  celestial  equcUor,  cut  from  the  celestial  sphere  by  a 
plane  passed  through  the  equator  of  the  earth.  In  the  northern 
hemisphere  the  sim  is  always  north  of  the  equator  (between 
it  and  the  pole)  from  March  21  to  September  21,  and  always  south 
of  it  between  September  21  and  March  21.  The  angular  distance 
from  the  equator  to  the  sun  at  any  given  moment  is  the  sim's 
declination  for  that  moment,  positive  if  north,  negative  if  south. 
Thus  if  the  sun  is  at  8  in  Fig.  600,  the  dech'nation  north  (or  posi- 
tive) is  the  arc  BS;  if  the  sun  were  at  S'  the  declination  south 
(or  negative)  is  BS\  The  great  circle  S"ZPN^  etc.,  is  the 
meridian  for  the  point  on  the  earth's  surface  for  which  Z  is  the 
zenith.  For  any  given  day  the  sun  appears  to  move  in  a  circle 
which  is  approximately  parallel  to  the  equator.  Thus  for  the 
particular  day  represented  in  the  figure  the  sim  rose  at  R  is  now 
at  S,  at  noon  it  will  be  at  M,  and  will  set  at  Q,  (Suppose  that 
the  day  is  in  May.  Will  the  apparent  path  of  the  sun  on  the 
following  day  be  nearer  or  farther  from  the  celestial  equator? 
Does  the  apparent  path  of  the  sun  ever  coincide  approximately 
•with  the  celestial  equator?) 

Remark.  It  is  important  to  fix  in  mind  the  algebraio  signs  corresponding 
to  north  and  south  declinations,  viz.,  north  +,  south  — . 

The  spherical  triangle  ZPS  is  called  the  astronomical  triangle. 
For  any  given  point  on  the  earth's  surface  the  side  ZP  is  always 
the  same,  but  the  other  two  sides  are  always  changing,  ZS 
depending  upon  the  time  of  day  (or  altitude  of  sun)  and  PS  on 
the  time  of  year  and  day  (or  declination  of  sun). 

ZP«  90** -Latitude; 
Z/S= 90° -Altitude; 
P^  «  90°  -  Declination. 

The  altitude  HS  can  be  measured,  the  declination  BS  can 
be  ascertained  from  the  Nautical  Almanac,  and  if  the  latitude  PN 
of  the  place  of  observation  is  known  the  astronomical  triangle 
can  be  solved  for  the  angle  SZP.  This  angle  is  the  angular 
distance  of  the  sun  from  tb^  me^dian  at  the  time  of  tbe  obier- 
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vation;  hence  if  a  transit  is  at  0  and  is  pointed  at  the  sun,  tha 
angular  distance  of  the  line  of  sight  from  the  north  can  be 
foimd,  for  it  is  equal  to  NOH,  equal  to  the  computed  angle  SZP. 
When  this  angular  distance  has  been  determined  it  is  a  simple 
matter  to  convert  it  into  bearing  or  azimuth.  (See  p.  378  ) 
The  line  of  sight  to  the  sun  may  now  be  used  as  a  reference  line 
for  calculating  the  bearing  of  other  lines,  or,  if  desired,  a  meridian 
may  be  established  by  turning  off  the  bearing  (or  azimuth) 
right  or  left  as  the  case  may  be. 

It  is  evident  that  the  astronomical  triangle  can  be  used  to 
detemiine  other  quantities.  For  example,  the  three  sides  being 
known  as  above,  the  angle  ZPS  (called  the  hour  angle)  can  be 
computed;  this  is  the  angular  distance  of  the  sun  from  the 
meridian  and  is  easily  converted  into  time  of  day.  From  this 
the  longitude  can  be  foimd  by  comparing  with  Greenwich  time. 
Likewise  if  the  time  of  observation  (hour  angle  ZPS)  and  the 
sun's  declination  are  known  and  the  altitude  is  measured,  the 
side  ZP  may  be  computed,  and  hence  the  latitude  PN  of  the 
place  of  observation  ascertained. 

Queation.    What  arc  in  Fig.  600  corresponds  to  the  time  of  dayt 

601.  The  Sun's  Declination  is  continually  changing  at 
rates  varying  from  about  zero  seconds  per  hour  on  Jime  22 
and  December  22,  to  almost  one  minute  of  arc  per  hour  on 
Blarch  22  and  September  22.  In  two  of  the  methods  discussed 
in  this  appendix  the  declination  is  required  at  the  time  of  the 
observation.  In  the  American  Ephemeris  and  Nautical  Almanac, 
published  by  the  Bureau  of  Equipment^  U.  S.  Navy  Department, 
the  apparent  declination  of  the  sun  is  given  for  every  day  in 
the  year  at  the  instant  of  Greenwich  Mean  Noon.  The  rate  of 
change  or  difference  for  one  hour  is  also  given,  so  that  if  the 
number  of  hours  that  have  elapsed  from  Greenwich  Mean  Noon 
to  the  time  of  observation  is  known,  the  change  in  declination 
is  easily  computed  and  applied  as  a  correction  to  the  declination 
^ven  in  the  almanac. 

(a)  Standard  time.  In  the  United  States  watches  are  usually  set  to 
keep  ''standard  time."  There  are  four  time  belts.  The  ea»tem  belt  ex- 
tends from  the  Atlantic  Ocean  to  an  irregular  line  drawn  from  Detroit,  Mich., 
to  Charleston,  S.  C;  the  central  belt  from  the  last-named  line  to  an  irregu- 
lar line  drawn  from  Bismarck,  N.  D.,  to  the  mouth  of  the  Rio  Grande: 
the  mountain  belt  from  the  last-named  line  to  the  western  boundary  of 
Montana,  Idaho^  Utah,  and  Arizona;  the  loester'n  belt  trom  the  last-named 
line  to  the  Pacific  coast.  The  difference  in  ttme  between  adjoining  sections 
i»  ooe  hour.    The  time  io  the  eoitern  belt  19  th»t  of  the  fl^ik  mondiAn* 
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!^n  it  is  noon  (standard  time)  in  this  belt  5  hours  after  it  is  noon  at  Green- 
wich; in  the  cerUrcU  beit  the  time  is  that  of  the  90th  meridian,  or  6  hours 
slow;  in  the  mountain  beit  the  time  is  that  of  the  105th,  or  7  hom«  slow:  in 
the  western  belt  the  time  is  that  of  the  120th  meridian,  or  8  hours  slow. 
The  true  local  time  at  any  place  will  be  faster  or  slower  than  standard  (or 
watch)  time  as  the  place  is  east  or  west  of  the  time  meridian.  Thus  the 
true  local  time  at  Boston,  Mass.,  is  about  16  minutes  faster  than  standard 
time,  while  at  Buffalo,  N.  Y.,  it  is  about  16  minutes  slower,  th© 76th  meridian 
being  approximately  half-way  between  those  two  cities.  Local  and  standard 
time  nearly  agree  at  Denver,  Colo.,  as  Denver  is  almost  on  the  105th  meridian. 

(6)  To  look  up  the  declination.  (1)  Add  to  the  standard 
(or  watch-time)  of  the  observation  5,  6,  7,  or  8  hours,  according 
to  the  time  belt  in  which  the  place  of  observation  is  located. 
The  result  is  the  Greenwich  time  of  observation.  (Since  obser- 
vations in  the  U.  S.  should  not  be  taken  before  8  a.m.,  the  Green- 
wich time  of  observation  will  be  at  least  an  hour  past  noon.) 
(2)  Ix>ok  up  the  svm's  apparent  declination  at  Greenwich  Mean 
Noon  for  the  month  and  day  of  the  observation.  (3)  To  this  declin- 
ation add  algebraically  a  correction  for  the  change  in  declination 
between  Greenwich  Mean  Noon  and  the  Greenwich  time  of 
observation.  This  correction  is  foimd  by  multiplying  the  differ- 
ence for  one  hour  given  in  the  table  by  the  Greenwich  time 
(in  hours)  of  the  observation. 

Illustration.  The  time  of  an  observation  at  New  Haven,  Conn.,  was, 
according  to  the  watch,  9.30  a.m.  on  May  20,  1907,  hence  the  Greenwich 
time  was  230  p.m.  on  the  same  day.  The  sun's  apparent  declination  as 
given  in  the  almanac  for  Greenwich  Mean  Noon  on  May  20  is  + 19°  47'  38."  1 
and  the  change  per  hour  is  +32  .''05,  hence  the  declination  at  the  time  of 
the  observation  or  230  p  Jtf .  Greenwich  time  was  (2^X32. 06)  + 19°  47'  38 ."1« 
+  19°48'58."2. 

Illustration.  The  time  of  an  observation  at  Chicago,  111.,  was  230  P.M., 
Oct.  16,  1907,  hence  the  Greenwich  time  was  830  p.m. 

The  Sim's  apparent  declination  for  Greenwich  Mean  Noon  Oct.  16  was 
—  8®  11'  29.5",  and  the  change  per  hour—  65.83'',  hence  the  declination  at 
the  time  of  the obser\'ation  (830  p.m.  Greenwich  time)  vas  (  —  55" .83  X8.6)  + 
(-8°  11'  29.5")-  -8°  19'  24.1". 

602.  Refraction.  On  account  of  refraction  the  sun  ap- 
pears to  be  higher  than  it  really  is.  Hence  all  vertical  angles 
found  by  sighting  at  the  sun  should  be  reduced  by  subtract- 
ing the  correction  for  refraction.  It  will  be  seen  from  the 
following  table  that  the  nearer  the  sim  is  to  the  horizon  the 
greater  the  correction  for  refraction.  Below  say  20  or  30°  the 
correction  for  refraction  is  very  uncertain,  and  hence  any  obser- 
vations depending  principally  upon  a  single  altitude  of  the  sun 
should  be  taken  only  after  the  sun  is  from  20  to  30®  above  the 
horizon.  The  correction  for  refraction  varies  with  the  tem- 
perature, height  of  barometer,  etc.  The  following  mean  values 
for  a  temperature  of  50°  F.  and  barometer  reading  of  29.9  inches 
are  taken  from  Hayford's  Geodetic  Astronomy. 
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MEAN  REFRACTION  CX^RRECTIONS. 


Altitude. 

Correction. 

Altitude. 

Correction. 

Altitude. 

Correction 

0** 

34'  08" 

IG'^ 

3'  20" 

40° 

1'  Od" 

5** 

y  52" 

170 

3'  08" 

45° 

(y  58" 

10*» 

5'  19" 

18*» 

2^  57" 

50° 

(y  49" 

11° 

4'  51" 

19° 

2'  48" 

55° 

O'  40" 

120 

4'  27" 

20° 

2^  39" 

60° 

C  34" 

13<» 

4'  07" 

25° 

2'  04" 

70° 

O'  21" 

14« 

3'  49" 

30° 

r  41" 

80° 

0'  10" 

3'  34" 


36° 


1'  23"  90° 


O'    0" 


603.  Determination  of  the  Meridian  by  the  Sun's 
Altitude.  This  method  may  be  divided  into  two  parts: 
(1)  The  observation  or  the  measurement  of  the  sun's  distance 
above  the  horizon.  (2)  The  computation  or  the  solution  of 
the  spherical  triangle  to  find  the  angle  SZP  (see  p.  620). 

(a)  Method  of  procedure  for  the  observation.  (1)  Set 
up  the  transit  over  some  point  M,  and  with  verniers  set  at  zero 
backsight  on  some  point  N.  The  line  MN  may  be  any  con- 
venient line,  the  object  of  the  observation  being  to  find  the 
true  azimuth  of  some  line  of  reference,  thus  establishing  in- 
directly the  direction  of  a  true  meridian. 

(2)  Loosen  the  upper  clamp  and  foresight  on  the  sim,  bringing 
its  image  tangent  to  the  cross-hairs  in  the  lower  left-hand  quad- 
rant as  shown  in  Fig.  603.  Read  and  record  the  horizontal  and 
vertical  angles  and  note  the  time  of  the  observation. 

(3)  Loosen  the  upper  clamp,  plunge  the  telescope  and  again 
foresight  on  the  sun,  but  this  time  bring  the  image  tangent  to 
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Fig.  603  a. 


the  cross-hairs  in  the  upper  right-hand  quadrant  as  shown  in 
Fig.  603(a).  Read  and  record  the  horizontal  and  vertical  angles, 
and  note  the  time  of  the  observation. 

The  mean  horizontal  angle,  the  mean  vertical  angle,  and  the 
mean  time  of  observation  as  found  from  the  results  obtained  in 
steps  (1)  and  (2)  will  be  used  in  computation  as  explained 
farther  on. 
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Practical  Buggestiona.  (1)  If  observations  are  taken  too  early  in  the 
morning  (before  the  sun  reaches  an  altitude  of  at  least  20  to  30°)  the  cor- 
rection for  refraction  will  be  large  and  uncertain,  Wtiile  if  they  are  taken 
too  near  noon  the  altitude  of  the  sun  is  changing  too  slowly  and  the  astrono- 
mical trianc^e  becomes  poorly  proportioned  for  definite  results.  Hence 
the  best  time  of  day  for  observations  is  from  8  to  10  a.m.  or  from  2  to 
4  P.M.;  they  should  never  be  taken  within  an  hour  of  noon.  (2)  In  deter- 
mining the  meridian  for  any  survey  it  is  well  to  set  up  over  a  regular  sta- 
tion and  backsight  on  some  other  distant  station,  thus  making  the  refer- 
ence line  MN  coincide  with  one  of  the  main  lines  of  the  survey.  (3)  In 
setting  up.  level  the  instrument  with  great  care^  using  the  level  imder  the 
telescope  tor  the  final  test  in  at  least  two  positions  at  ris^t  angles  to  each 
other.  Of  course,  the  instrument  should  be  in  good  adjustment.  If  the 
vernier  of  the  vertical  circle  is  not  adjustable  do  not  forget  to  record  the 
amount  and  sign  of  the  index  error  (see  p.  98).  (4)  The  object  in  sight- 
ing at  the  sun  twice,  once  with  the  telescope  normal  and  once  with  it  re- 
versed, is  to  eliminate  instrumental  errors.  The  object  in  bringing  the 
cross-hairs  tangent  to  the  sun's  image  first  in  one  quadrant  and  then  in  the 
opposite  quadrant  is  to  avoid,  the  error  which  might  occur  in  attempting 
to  sight  directly  at  the  sun's  center  as  judged  by  the  eye.  Of  course  the 
time  between  the  two  observations  should  be  as  short  as  possible,  yet 
th^e  is  no  need  of  undue  haste.  No  appreciable  error  will  occur  if  the 
pointings  are  not  more  than,  say,  two  or  three  minutes  apart.  (5)  As  a 
further  precaution  both  the  A  and  B  verniers  on  the  limb  may  be  read  to 
eliminate  errors  of  eccentricity,  as  is  done  in  triangulation.  (See  p.  195). 
Likewise  if  there  are  two  verniers  on  the  vertical  circle  the  two  readings 
may  be  noted.  (6)  Prismatic  eyepieces  with  colored  shades  are  furnished 
with  transits  for  use  in  solar  observations.  If  no  such  eyepiece  ia  at  hand 
and  the  telescope  has  an  cfrecting  eyepiece,  proceed  as  follows:  Point  the 
telescope  approximately  at  the  sun,  nold  a  white  card  three  or  four  inches 
behind  the  eyepiece,  and  draw  the  latter  out  until  the  image  of  the  sun 
and  the  cross-hairs  are  both  sharply  focused  on  the  card.  The  image 
may  then  be  brought  tangent  to  the  wires  almost  as  accurately  as  if  the 
observer  were  looking  through  the  telescope.  If,  however,  the  sun  is  high, 
the  limb  of  the  transit  may  interfere  with  holding  the  card  in  this  manner. 
If  the  eyepiece  is  non -erecting  the  card  method  cannot  be  used,  and  hence 
a  prismatic  eyepiece  is  essential.  (7)  The  maximum  error  in  determining 
an  azimuth  by  the  altitude  of  the  sun  should  not  exceed  three  minutes, 
and  under  favorable  conditions  it  should  not  exceed  one  minute.  By  taking 
several  sets  of  observations  both  morning  and  afternoon  the  error  can  be 
reduced  still  more. 

(b)  Modified  method.  If  the  transit  does  not  have  a  vertical 
circle,  or  if  for  any  other  reason  it  is  not  feasible  to  take  twa 
sights,  direct  and  indirect,  proceed  as  before,  omitting  the  second 
sight.  The  altitude  as  observed  in  (1)  must  be  corrected  for 
the  Sim's  semi-diameter,  i.e.,  subtract  16'  of  arc  if  the  horizontal  ( 
hair  was  made  tangent  to  the  upper  edge  of  the  sun.  The  com- 
puted azimuth  must  then  be  corrected  by  the  quantity  16'  X  secant 
of  altitude,  i.e.,  sun's  semi-diameter  divided  by  cosine  of  altitude. 

Remark.  The  angle  subtended  by  the  sun*s  semi-diameter  varies  from 
16'  46"  about  July  1,  to  16'  18"  about  January  1. 

(c)  Method  op  procedure  for  computations.  (1)  Find 
the  mean  value  of  the  observed  altitudes.  Look  up  in  the 
table  on  page  624  the  correction  for  refraction  which  corre- 
sponds to  the  mean  altitude  and  subtract  it  from  the  mean 
altitude.    Correct  the  result  for  the  index  error  if  there  is  any 
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such  error.     (St.    -suggestion  (3),  p.  625).     Call  the  final  cor- 
rected mean  altitude  . 

Remark.  If  the  highest  accuracy  is  desired  the  altitude  should  be  cor^ 
rected  also  for  parallax,  i.e.,  the  angle  between  a  line  from  the  sun  to  the 
center  of  the  earth  and  a  line  from  the  sun  to  the  point  on  the  earth's 
surface  where  the  observation  is  made.  As  this  correction  never  exceeds 
9  seconds  of  arc  it  may  be  ignored  in  obeervations  made  with  transits  read- 
ing to  minutes. 

(2)  Find  the  sun's  declination  for  the  day  and  hour  of  the 
observation  as  explained  on  page    623. 

(3)  Subtract  the  final  corrected  declination  of  the  sun  from 
90**,  thus  getting  the  polar  distance  p  of  the  sun  at  the  time 
of  the  observation.  "^ 

(4)  The  latitude,  the  polar  distance,  and  the  corrected  mean 
altitude  being  known,  the  angle  Z  of  the  spherical  triangle  can 
be  found  by  spherical  trigonometry,  using  any  one  of  several 
formulas.     Either  of  the  following  formulas  is  recommended; 

/i= corrected  mean  altitude;    p= polar  distance  of  the  sun; 
L= latitude  of  the  observer  and  S  =  iih+L+p), 


^         y     COS  S  COS  (S—p)  ^  ' 

Another  formula: 

1  rr     ^  (cos  5  cos  (S  —  p)  .^. 

(5)  The  angle  Z  found  from  either  of  the  above  formulas  is 
the  angular  distance  of  the  sun  east  or  west  of  the  meridian, 
or  it  is  equal  to  the  angular  distance  of  the  line  of  sight  to  the 
center  of  the  sim  measured  from  the  north  point.  For  example, 
in  Fig.  600,  p.  620,  the  angle  Z=SZP  is  measured  by  the  arc  NH 
equal  to  the  angle  NOH,  i.e.,  the  horizontal  angle  that  a  Une 
of  sight  from  the  place  of  observation  0  to  the  sun  S  makes 
with  a  north  and  south  line  ON.  This  angular  distance  Z = NOH 
may  easily  be  converted  into  azimuth  or  bearing  a^  explained 
on  page  378. 

Remark.  In  astronomical  work  azimuths  are  measured  from  the  south, 
and  hence  the  left-hand  members  of  equations  (1)  and  (2)  are  frequently 
given  as  cot  ^Z  and  sin  ^Z  respectively.  In  that  case  Z  is  equal  to  the 
angular  distance  of  the  sun  measured  from  the  south. 

Questions.  Assume  azimuths  to  be  measured  clockwise  from  the  north  and 
the  value  of  Z  to  be  found  from  formulas  (1)  and  (2).  (1)  If  the  altitude 
of  the  sun  is  found  from  a  morning  observation  is  the  corresdonding  valu*) 
of  Z  3qual  to  the  azimuth  of  the  line  of  sight  to  the  sunT     (2)  If  the  altJ- 


SINGLE  ALTITUDE  OF  THE  SUN 


627 


tude  is  found  from  an  afternoon  observation  is  Z  equal  to  the  azimuth? 
Assuming  azimuths  to  be  measured  clockwise  from  the  south  and  Z  to  he 
found  from  the  cotani^ent  or  sine  instead  of  from  the  tangent  or  cosine, 
answer  the  same  questions  (1)  and  (2). 

id)  EXAMPLE     ILLUSTRATING     SINGLE     ALTITUDE     METHOD. 
Record  of  Observations,  Feb.  21,  1907,  New  Haven,  Conn. 


Tele- 
scope. 

Horizontal  Angles. 

Vertical 
Angles. 

Tun©. 

Sun. 

Vernier  A. 

Vernier  B. 

4- 

Nor. 

38«or  4(y' 

38"  08'  20" 

22°  34'  30" 

8  h.  67  m.  30  s. 

^ 

Inv. 

38*  33'  60" 

38°  34'  10" 

22°  3d'  0" 

9  h.  02  m.  30  s. 

Mean 

38°  20^  45" 

38°  21'  15" 

22°  35'  16" 

9h.    Om.    Os. 

2h.0m.0s. 
-   10°  62'     0" 
+  1'  48" 


-   10°  50' 

12" 

•      22°  33' 

0" 

41°  18' 

36" 

100°  50' 

12" 

COMPTTTATION 

=  (9-0-0)  +  (5-0-0)  ■=  Greenwich  mean  time  of  observation* 
=  Apparent  declination  at  Greenwich  mean  noon. 
=  +64"  X2= correction  for  2  hours. 

=  Apparent  declination  at  time  of  observation. 

=  h^22°  35'  15" -2'  16"  (ref.)  =  corrected  altitude. 

=  L  =  Latitude  of  place  of  observation. 

=  p=[90°-(-10°  60'  12")  =  polar  distance. 


164°  41' 
82°  20' 
41°  02' 
69°  47' 
•   18°  29' 


48" 
64" 
18" 
64" 
18" 


=  25. 

=5  • 

-S-h 
=5-p 


I. 


co-log  cos  8 
log  sin  S  —  L 
log  sin  S  —  A 


=  0.875658 
=9.817277 
=9.936646 


co-log  cos  iS-p-=  0.023014 


64°  44'  40" 

129°  29'   20" 

-  38°  21'     0" 


210.652694 
=  iZ  log  tan  iZ  =0.326297 

=  Z=azimuth  of  sun  from  the  north. 
=  Anc^e  between  sun  and  MN. 


91°  08'  20"  =  Azimuth  of  MN  from  the  north. 

604.  The  Solar  Attachment,  frequently  used  in  con- 
nection with  an  engineer's  transit,  is  a  device  for  determining 
a  true  meridian  by  an  observation  on  the  sun.  Its  use  is  based 
on  the  same  general  principles  involved  in  the  method  of  the 
preceding  article,  except  that  instead  of  solving  the  astronomical 
triangle  by  spherical  trigonometry  the  instrument  is  made  to 
solve  it  graphically,  so  that  at  the  end  of  the  observation  the 
line  of  sight  throu^  tb9  t^rai^t  telescope  lies  ii^  t^he  true  meiidian. 
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Two  of  the  forms  of  solar  attachments  in  common  use  are  ex- 
plained below;   all  forms  are  alike  in  principle. 

(a)  The  burt  solar  attachment.  The  solar  attachment 
shown  in  Fig.  604  (a)  is  essentially  the  solar  apparatus  of  Burt 
(see  p.  576)  placed  upon  the  cross-bar  of  an  ordinary  transit. 
The  principal  parts  are:  (1)  The  arm  AB,  which  has  a  small 
lens  at  A  and  a  small  silver  disk  at  B;  (2)  the  polar  axis  and 
(3)  the  declination  arc  marked  in  the  cut;  (4)  the  hour  circle 
marked  with  Roman  numerals.  The  little  framework  carrying 
the  arm  AB  and  the  declination  arc  is  free  to  revolve  about  the 
polar  axis.  The  observation  on  the  sim  is  made  by  bringing 
the  image  of  the  sun  formed  by  the  lens  into  a  square  ruled  on 
the  silver  disk.  A  shutter  at  A  is  moved  over  the  lens  when 
the  sun  is  very  bright,  otherwise  it  is  difficult  to  tell  when  the 
image  is  exactly  centered  in  the  square;  when  the  sim  is  dull 
the  shutter  is  moved  back,  leaving  the  clear  lens.  When  the 
declination  is  south  (sun  below  the  equator)  the  arm  AB  is 
reversed  or  turned  end  for  end  from  the  position  shown  in  the 
cut;  for  this  position  there  is  a  lens  at  B  and  a  silver  disk  at  A. 

Attention  is  called  to  the  following  facts:* 

1.  If  the  telescope  is  pointed  north  and  depressed  imtil  the 
reading  on  the  vertical  circle  is  equal  to  the  co-latitude  of  the 
place  where  the  transit  stands,  the  polar  axis  will  be  parallel 
to  the  axis  of  the  earth,  and  may  be  said  to  point  to  the  celestial 
pole. 

2.  If  when  the  telescope  is  in  the  above  position  the  line  AB 
were  made  parallel  to  the  telescope  it  could  be  directed  to  the 
sun  by  merely  turning  the  arm  about  the  polar  axis,  provided 
the  sun  were  in  the  celestial  equator.  The  sun,  however,  is  in  this 
equator  only  twice  during  the  year.  Suppose  that  for  a  given 
day  its  declination  is  17°  north,  i.e.,  it  may  be  considered  to 
move  in  a  circle  approximately  parallel  to  the  equator  but  17° 
north  of  it.  (See  p.  620.)  Then  if  the  end  A  is  raised  \mtil 
the  declination  arc  reaches  17°,  as  shown  in  the  engraving, 
the  line  AB  could  be  directed  approximately  to  the  sun  at  any 
time  during  the  day  by  merely  revolving  the  arm  about  the 
polar  axis,  provided  the  polar  axis  is  kept  stationary  and  pointing 
to  the  pole.  If  the  sun's  declination  were  17°  south  the  only 
difference  would  be  that  the  line  from  B  to  A  should  be  directed 

*  Written  for  observatiozis  in  the  northern  hemisphere. 


\^, 


Fig.  604  (o). 
This  cut  is  kindly  fmmisktd  by  W,  and  L.  E.  GurUy  of  Troy,  N.  Y, 
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downward  instead  of  upward,  and  this  is  accomplished  by  turn- 
ing the  arm  end  for  end. 

3.  Assuming  that  a  transit  in  good  adjustment  is  properly 
leveled  up,  it  is  evident  from  the  above  that  if  the  polar  axis 
is  inclined  at  an  angle  to  the  vertical  equal  to  the  co-latitude, 
and  if  the  declination  arc  is  set  to  read  the  declination  of  the 
sun  at  the  time  of  the  observation,  then  the  line  AB  cannot  be 
directed  to  the  sun  unless  the  polar  axis  jmnts  to  the  pole  (thus 
bringing  the  line  of  sight  of  the  telescope  into  the  true  meridian). 
This  is  the  fimdamental  principle  of  the  solar  attachment. 

Method  of  procedure  in  determining  a  meridian  with  the  Burt 
solar  attachment. 

(1)  Set  up  over  some  convenient  point  M  leveling  up  roughly. 

(2)  Look  up  the  declination  for  the  day  and  hour  of  the 
observation.     (See  p.  623.) 

(3)  Correct  the  result  in  (2)  for  refraction  as  explained  in 
suggestion  (2)  below. 

(4)  Set  off  on  the  declination  arc  the  final  value  of  the  declina- 
tion as  obtained  in  (3).  Note  that  the  arm  AB  should  be  re- 
versed from  the  position  shown  in  Fig.  604  (a),  p.  629,  if  the  sun's 
declination  is  south. 

(5)  Level  up  very  carefully,  using  the  telescope  level  in  at 
least  two  positions  at  right  angles  for  the  final  test.  Notice 
if  the  verniers  on  the  vertical  circle  read  zero  when  the  tele- 
scope is  level;  if  not,  either  adjust  them  so  that  they  will  or 
note  the  amount  and  sign  of  the  index  error. 

(6)  Set  the  verniers  of  the  horizontal  limb  at  zero,  but  leave 
the  lower  clamp  loose  so  that  both  plates,  clamped  together, 
can  turn  freely.  With  one  hand  tmn  these  two  plates  (and 
telescope),  and  with  the  other  hand  turn  the  arm  of  the  solar 
attachment  imtil  the  image  of  the  sim  is  in  the  ruled  square 
on  the  disk.  Tighten  the  lower  clamp,  and  bring  the  image 
exactly  in  the  center  (as  seen  through  a  magnifying-glass)  by 
turning  the  lower  tangent-screw,  and  if  necessary  turning  also 
the  arm  of  the  solar  attachment.  The  line  of  sight  is  now  in 
the  true  meridian  and  the  plate  zeroes  should  read  zero. 

(7)  Loosen  the  upper-plate  clamp  and  sight  at  N  the  other 
end  of  a  reference  line  MN.  The  azimuth  of  the  line  MN  is 
the  angle  turned  off,  i.e.,  the  reading  on  the  limb.  If  desired 
a  meridian  MO  may  be  established  before  the  upper-plate  clamp 
is  loosened  by  lining  in  ^  point  0  on  the  ground. 


SOLAR  ATTACHMENT  631 

PraeHeal  suggedums^  (1)  Many  of  the  suggeetions  on  page  625  apply 
equally  well  to  the  use  of  the  Bolar  attachment,  especially  that  pertauiing 
to  the  best  time  for  observations.  (2)  In  correcting  tho  declination 
for  refraction  in  step  (3)  that  table  on  page  649  shomd  be  used  which 
most  nearly  corresponds  to  the  latitude  of  the' observer.  Note  the  time  of 
observation  in  hours  before  or  after  noon,  and  opixMite  this  number  in 
the  table  find  the  correction  in  the  column  corresponding  most  nearly  to 
the  declination.  Notice  that  if  the  declination  is  north  (+)  the  correction 
is  to  be  added  while  if  it  is  south  (  — )  it  is  to  be  subtracted,  or,  if  given 
the  proper  sign,  the  correction  is  always  add^  algebraically  (Northern 
hemisphere).  (3)  When  the  image  has  been  centered  in  the  iiued  square  it 
will  at  once  move  out,  but  if  no  mistake  has  been  made  it  may  be  kept 
approximately  in  the  square  by  simply  revolving  the  solar  attachment 
about  the  polar  axis.  If  it  is  necessary  to  disturb  the  main  part  of  the 
transit  it  shows  that  the  polar  axis  is  not  pointing  exactly  at  the  pole  or 
that  some  mistake  was  made  in  setting  off  the  decUnation.  (4)  When  the 
observation  is  completed  the  pointer  which  moves  around  the  hour  circle 
should  indicate  approximately  the  time  of  the  observation.  (5)  The  image 
should  be  examined  througli  a  magnify ing-glass  during  the  final  steps  of 
the  observation.  It  is  said  that  an  error  of  one-cjuarter  of  a  minute  in  azi- 
muth or  latitude  can  be  detected  by  thus  observing  the  sun's  image;  but, 
nevertheless,  the  instrument  under  the  best  of  conditions  cannot  be  reUed 
upon  to  give  as  accurate  results  as  may  be  obtained  by  the  direct  method 
of  observation,  page  624.  (6)  If  at  the  end  of  step  (6)  the  plate  verniers 
do  not  read  zero  it  is  likely  that  the  wrong  tangent-screw  has  been  turned; 
but  no  harm  ims  been  done,  as  the  reading  can  be  noted  and  subtracted 
from  the  final  reading  when  sighting  at  N. 


(6)  The  Saegmttller  solar  attachment  is  in  many  respects 
superior  to  the  Burt  attachment.  In  place  of  the  arm  carry- 
ing the  lens  and  silver  disk,  there  is  a  small  auxiliary  telescope 
with  a  prismatic  eyepiece  through  which  the  sun  may  be  ob- 
served directly.  The  declination  arc  is  usually  omitted,  and 
in  its  place  a  spirit-level  is  attached  to  the  auxiliary  telescope 
to  aid  in  setting  off  the  declination  as  explained  below.  The 
method  of  procedure  is  so  similar  to  that  just  explained  for  the 
Burt  attachment  that  only  a  brief  outUne  is  given. 

Method  of  procedure  for  determining  a  true  meridian  with  the 
SaegmuUer  solar  attachment,  (1)  Find  the  final  corrected  value 
for  the  sun's  declination  at  the  time  of  observation.  (See 
step  (2)  and  (3)  for  the  Burt  attachment,  p.  630.) 

(2)  Having  leveled  up  carefully  over  some  point  M  and  noted 
whether  there  is  any  index  error  as  in  step  (5),  p.  630,  back  sight 
on  some  point  N,  Point  the  smaller  telescope  on  the  same 
backsight,  thus  bringing  both  telescopes  into  the  same  vertical 
plane. 

(3)  Incline  the  larger  telescope  until  the  reading  on  the  ver- 
tical circle  is  equal  to  the  corrected  value  of  the  sun's  declination 
foimd  in  (1).  If  this  declination  is  north  depress  the  object- 
glass  end  of  the  telescope;  if  south  elevate  it.  Without  dis- 
turbing the  larger  telescope,  bring  Ihe  smaller  telescope  to  a 
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horizontal  position  by  means  of  its  level.  The  an^e  between 
the  two  telescopes  is  now  equal  to  the  sun's  declination. 

(4)  Without  disturbing  the  relative  positions  of  the  two 
telescopes  tmclamp  the  vertical  circle  and  set  it  to  the  co-lati- 
tude of  the  place  of  observation,  making  the  object-glass  end 
of  the  telescope  the  higher. 

(5)  Unclamp  the  upper  horizontal  plate,  turn  it  (and  the  larger 
telescope)  around  the  vertical  axis,  and  at  the  same  time  turn 
the  smaller  telescope  around  the  polar  axis  (see  step  6,  p.  630) 
until  the  image  of  the  sun  is  brought  into  the  field  of  the  smaller 
telescope;  when  the  image  is  accurately  bisected  the  large  tele-, 
scope  must  be  in  the  meridian  vrith  the  object-glass  end  tovxird 
the  south.  The  bearing  of  MN  is  then  known  from  the  read- 
ing ,on  the  horizontal  limb,  and  if  desired  a  true  meridian  may 
be  staked  out  on  the  ground.     (See  step  7,  p.  630) 

Remark.  If  desired  the  plate  verniers  may  be  left  clamped  at  aero  until 
the  sight  has  been  taken  at  the  sun,  and  then  the  angle  turned  off  from  th^ 
point  N  as  directed  in  step  (7),  page  630. 

Practical  suggeati'ona.    Read  the  practical  suggestions  on  pages  625  and  631. 

605.  Other    Methods    of     Determiuing     a     Meridiaa 

There  are  two  other  methods  of  determining  a  meridian^  viz.: 
(1)  Sight  at  the  sun  or  a  star  when  it  ic  some  distance  from 
the  meridian,  carefully  measuring  its  altitude,  and  then  sight 
at  it  again  when  it  has  crossed  the  meridian  and  is  at  exactly 
the  same  altitude.  In  the  case  of  a  star  the  meridian  is  half- 
way between  the  two  sights,  and  in  the  case  of  the  sun  it  is 
nearly  so,  being  found  by  applying  a  small  correction.  This 
method  is  called  the  method  of  equal  altitudes,  and  is  explained 
in  detail  in  Mr.  Barber's  article  at  the  end  of  this  appendix. 

(2)  A  second  method  is  to  sight  at  the  s\m  at  exactly  noon. 
This  method  involves  the  determination  of  the  true  local  time 
of  the  place  of  observation,  i.e.,  the  difference  between  the 
watch-time  and  sim-time.  The  method  is  described  in 
Engiiveering  News,  March  31,   1904. 

606.  To  Determine  Latitude,  (a)  By  observation  on 
Polaris.  (1)  Observe  polaris  at  culmination  and  correct  the 
vertical  angle  for  refraction  (p.  623)  and  index  error  if  there 
is  any  (see  p.  98).  The  result  is  the  true  altitude.  (2)  If  the 
star  is  at  upper  culmination  subtract  the  polar  distance  of 
Polaris  for  the  given  date  as  given  in  the  table  below;  if  at 
lower  culmination  add  the  polar  distance.  The  result  is  the 
required  latitude.     (Why?    See  p.  620.) 
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MEAN  POLAR  DISTANCE  OF  POLARIS  FOR  THE  BEGINNING  OF 
FICTITIOUS  YEAR 


Year. 


Mean  Polar 


Distance. 

1906  r  11' 41 .06" 

1907  l«ir  22.37" 

1908  I'll' 03.71" 


Y-oor  Ue&n  Polar 
^^^'  Distance. 

1916  1°  08' 34.97" 

1917  1°  08' 16.46" 

1918  1*> 07' 57.94" 

1919  r  07' 39.45" 

1920  1° 07' 20.98" 


V«ar  Ue&n  Polar 

^^^'  Distance. 

1911  1°  10' 07.82" 

1912  1° 09' 49.22" 

1913  1° 09' 30.64" 

1909  1*>  10'  45 .  07"  /  1914  1°  09'  1 2 .  07" 

1910  1*^10' 26.44"  I  191^  1° 08' 53.51" 
Note.    The  above  table  is  based  upon  data  furnished  for  this  book  by 

the  Superintendent  of  the  U.  S.  Geodetic  and  Coast  Survey.  Each  value 
is  found  by  subtracting  from  90®  the  mean  declination  of  Polaris  for  the 
beginning  of  the  corresponding  fictitious  year.  If  deeired,  the  polar  dis« 
tance  for  any  day  in  the  year  may  be  found  from  the  apparent  declination 
of  Polaris  as  ^iven  for  that  day  in  the  Nautical  Almanac.  For  1907  the 
apparent  dechnation  decreases  from  88°  48'  51.6"  on  January  15  to 
88'*48"19.8"  on  July  1.  and  then  increases  to  88°  49'  9.1"  on  December  31. 
The  be^ning  of  the  fictitimia  (Besselian)  year  is  the  instant  at  which 
the  mean  sun  is  280°  from  the  vernal  equinox.  It  dififers  from  the  begin- 
ning of  the  ordinary  year  by  a  fraction  of  a  day  which  varies  for  different 
years.  The  mean  place  of  a  star  at  a  given  instant  differs  from  the  true 
place  by  the  effect  of  nutation  at  that  instant  .and  from  the  apparent 
pla«e  by  the  effects  of  both  nutation  and  aberration. 

(6)  By  observation  on  the  sun  at  noon.  (1)  Sight  at 
the  lower  or  upper  limb  of  the  sun  a  little  before  noon,  allowing 
for  the  difference  between  standard  time  and  local  mean  time, 
and  follow  the  sim  until  it  reaches  its  highest  point,  i.e.,  when 
it  crosses  the  meridian.  (2)  Correct  the  vertical  angle  for 
refraction  (p.  346)  and  index  error  if  there  is  any.  The  result 
is  the  true  altitude  of  the  s\m*s  limb.  If  it  is  the  lower  limb 
add  the  sun's  semi-diameter  (about  16',  but  given  more  exactly 
in  the  Nautical  Almanac);  if  it  is  the  upper  limb  subtract  the 
semi-diameter.  This  corrected  result  is  the  true  altitude  of 
the  Sim's  center.  (3)  From  the  true  altitude  of  the  sun's 
center  foimd  in  (2)  subtract  algebraicaUy  the  sun's  dechnation. 
The  result  subtracted  from  90®  gives  the  required  latitude. 
(Why?  See  Fig.  600,  p.  620,  where  S"M  represents  the  alti- 
tude at  noon.) 

(c)  Latitijde  with  solar  attachment.  The  latitude  of  a 
place  may  be  determined  very  easily  with  a  solar  attachment 
by  observing  the  sun  at  noon. 

(1)  Set  ofif  the  co-latitude  (as  nearly  as  can  be  estimated)  and 
the  corrected  dechnation  of  the  sun  in  the  usual  manner. 

(2)  Point  the  smaller  telescope  at  the  sun.  (The  two  tele- 
scopes are  in  the  same  vertical  plane  but  not  parallel,  the  angle 
between  them  being  equal  to  the  corrected  declination  of  the 
sun.)  By  means  of  the  tangent  screw  which  changes  the  in- 
clination of  the  larger  telescope,  keep  the  smaUer  telescope  point- 
ing exactly  at  the  sim  until  it  ceases  to  move  upward  and  begins 
to  move  downward.  The  reading  of  the  vertical  circle  at  this 
highest  altitude  is  equal  to  the  co-latitude. 
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607.  Determination  of  the  Meridian  in  Higli  Latitudes 
-—Observations  by  Equal  Altitudes.* 

There  is  no  operation  in  the  field-work  of  a  land  surveyor  that  is  fun- 
damentally more  important  than  the  establishment  of  a  correct  meridian 
line  at  the  place  of  survey,  from  which  to  deflect  the  courses  of  boundaries. 

The  rules  for  surveying  public  lands  prohibit  a  siuveyor  from  assuming 
a  probable  "variation"  of  the  magnetic  compass  to  ^vem  his  work. 
They  abo  prohibit  him  from  depending  on  a  variation  of  his  needle  through- 
out his  work,  though  he  may  have  obtained  it  by  Droper  means  at  the 
outset,  because  all  the  successive  courses  may  be  mnuenced  by  imknown 
attraction. 

A  large  number  of  surveys  throughout  the  coimtry  are  known  to  have 
bean  recorded  with  untrue  courses,  regardless  of  these  requirements,  causing 
many  legal  complications. 

From  a  desire  to  aid  surveyors  to  overcome  the  difficulties  known  to 
impede  precision  in  this  element  of  their  work,  ee^>ecially  in  high  latitudes 
like  those  of  Alaska,  and  to  determine  exact  meridians  by  astronomic  means 
without  very  elaborate  instruments,  some  suggestions  are  here  offered  as 
auxiliary  to* the  means  which  are  adapted  to  all  places.^ 

The  use  of  equaJ  altitudes  has  received  slight  notice  in  a  few  works  on 
surveying,  but  has  not  been  set  forth  in  the  detailed  manner  applied  to 
the  other  processes.  But  since  preparing  this  article  and  laying  it  aside 
for  consideration,  it  has  been  learned  that  this  i>rinciple  was  recommended 
to  the  deputies  in  one  of  the  States  by  instructions  issued  some  jrears  ago 
by  a  surveyor-general.  It  was  given  them  "as  being  available  in  emer- 
gencies, calling  their  attention  to  the  advantages  in  such  cases  of  being 
able  to  take  the  forenoon  observation,  go  on  with  the  survey  till  the  after- 
noon time  approached,  and  then  complete  the  set.  It  is  available  also  for 
P.M.  followed  by  a.m.  observation." 

Thus  the  writer  now  finds,  from  corresi)ondence,  that  one  of  the  best 
authorities  on  these  subjects  then  gave  full  indorsement  to  the  equal-altitude 
method  for  using  either  sim  or  star,  as  being  correct,  practical,  and  of 
important  utility  in  many  contingencies. 

The  instructions  now  generally  provided  require  that  the  meridian  be 
ascertained  bv  observation  of  either  Polaris  or  the  sun;  and  that  the  cor- 
rectness of  all  solar  work  must  be  checked  and  confirmed  by  Polaris. 

VARIOUS   OBSTACLES 

to  compliance  with  these  rules  have  been  found  in  Alaska,  and  are  evident:— 

Polaris  being  from  55°  to  70°  above  the  horizon,  it  is  too  high  to  be  ob- 
served without  a  reflecting  eyepiece. 

Its  position  so  near  the  zenith  greatly  increases  any  instrumental  error, 
in  bringing  a  vertical  line  to  the  ground. 

It  is  obscured  by  daylight  during  several  months  in  the  sunmier  season. 

Fogs  and  mists  are  said  to  be  often  prevalent,  even  after  clear  dajns. 

The  sun  in  winter  reaches  only  a  small  elevktion,  moving  in  a  low  arc, 
with  high  and  uncertain  refraction,  both  causes  imfavorable  to  acciirate 
results.  .    .  ,  ,  . 

The  ordinary  solar  compass  or  transit  is  not  constructed  for  use  m  such 
latitudes,  and  special  constructions  are  inconvenient. 

Yielding  to  these  difficulties;  it  appears  to  have  been  a  common  but 
unauthorized  practice  to  disregard  accuracy,  assume  a  magnetic  declination, 
and  work  by  the  needle  only 

A  8I&CPLE  AND   PRACTICAL  METHOD 

is  therefore  very  desirable,  to  enable  surves^  to  be  made  with  courses  that 
will  bear  the  test  of  a  correct  examiner.  Such  a  method  is  now  suggested, 
which  in&y  be  used  by  any  careful  observer  having  a  good  common  transit 
with  vertical  arc. 

*  This  article  is  a  reprint  of  a  paper  bv  Mr.  A.  W.  Barber,  published  in 
Michigan  Engineer  the  Proceedings  of  the  Michigan  Engineering  Societjf 
for  1905. 
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This  process  requires  no  reflecting  eyepiece;  no  full  vertical  circle;  no 
mathematical  tables;  no  calculations  of  local  mean  time,  standard  time, 
sidereal  time,  or  astronomical  and  civil  day.  It  does  not  depend  on  the 
date  nor  the  hour  of  the  day,  nor  any  reckoning  of  culmination,  hour-angle, 
elongation^  or  polar  azimuth.  Neither  does  the  sun's  decUnation  or  the 
atmosphenc  retraction  enter  at  all  into  the  calculation. 

Moreover,  should  there  be  unsuspected  error  in  the  graduation  or  setting 
of  the  vertical  arc,  or  some  defect  of  colliroation  in  the  telescope,  it  would 
equally  affect  both  parts  of  the  observer's  work,  and  produce  no  effect 
in  the  resulting  meridian. 

THE  METHOD  BY  EQUAL  AIATTUDES 

depends  on  the  fact  that  the  circumpolar  stars  describe  invariable  circular 
arcs  below  the  true  pole;  and  that  when  a  peg  is  set  on  the  ground  to 
mark  the  course  to  a  certain  star  when  west  of  north  at  an  altitude  of  say 
35®,  and  another  peg  is  afterward  set  to  mark  the  position  of  that  star 
when  it  has  passed  to  the  northeast  and  risen  to  the  same  precise  eleva- 
tion, the  mendian  of  the  transit  will  lie  exactly  midway  between  the  pegs. 
Hence  the  surveyor  may  be  advised  to  proceed  as  follows  in  any  latitude 
or  time  of  the  year  when  the  stars  are  sufficiently  discernible: — 

1.  Choose  a  suitable  station,  set  transit  firmly  and  level  precisely,  by 
the  t^escope  level  turned  in  all  directions. 

2.  Set  the  index  arm  for  vertical  angles  at  zero,  and  keep  it  tightly 
clamped  for  reading  elevation  angles. 

3.  Provide  suitable  iUumination  for  cross-wires,  and  also  for  reading 
angles,  horizontal  and  vertical. 

4.  Select  a  conspicuous  star,  perhaps  30**  or  40*  from  the  pole,  which 
appears  two  hours  more  or  less  before  its  lower  culmination — that  is.  which 
stands  west  of  north  and  is  rapidly  descending.  Identify  this  star  beyond 
all  chance  of  error,  noting  it  on  a  diagram  for  certainty  some  hours  later. 

5.  Direct  the  telescope  to  this  i>oint,  fixing  the  star  at  the  intersection 
of  the  cross-wires,  and  clamp^the  axis  so  it  will  retain  the  altitude  shown 
on  the  arc.  Read  and  note  down  the  angle  of  elevation,  and  read  more 
than  once. 

6.  Unclamp  the  axis,  brin^  the  telescope  to  the  earth,  and  have  an 
assistant  drive  a  peg  in  hne  with  the  cross- wire,  from  3  to  5  chains  distant. 
A  candle  held  there  before  a  white  surface  will  exhibit  the  wire  and  give 
the  exact  point  for  a  tack. 

7.  Repeat  the  observation  once  or  twice,  at  intervals  of  10  or  15  minutes, 
for  confirmation  of  results,  marking  successive  pegs.  A,  B,  etc.,  with  degrees 
and  minutes  of  elevation  found. 

8.  Be  ready  to  observe  the  upward  path  of  the  same  star  after  it  has 
passed  east  below  the  pole.  Correct  the  levehng,  set  the  vertical  index 
successively  at  each  altitude  previously  noted  (beginning  with  the  lowest); 
and  when  the  star  (diagonally  ascending  in  the  field  of  the  glass)  approaches 
the  horizontal  wire,  bring  the  vertical  wire  also  upon  the  star  at  the  inter- 
section, using  the  slow-motion  screw  of  the  horizontal  plate. 

9.  Keep  the  plate  at  that  point,  bring  the  telescope  down,  and  set  peg 
in  line  as  before.  Repeat  the  process  for  each  observation  A,  B,  etc.,  taken 
before  midnight,  marking  each  peg  B,  A,  etc.,  with  the  elevation  in  figures. 

10.  Measure  the  arc  between  pegs  A  A  denoting  equal  altitude,  and  take 
one  half.  Lay  off  this  half  from  either  peg,  and  set  a  peg  and  tack  for  the 
true  meridian.  As  a  test  of  correctness,  the  middle  point  oetween  pegs  B  B 
and  between  C  C  should  be  found  to  coincide  with  the  one  first  found.  A 
single  pair  is  sufficient,  except  for  confirmation. 

BT  EQUAIi  AI/nrUDBS  OF  THB  SUN. 

&1  this  operation  a  reflecting  eyepiece  with  dark  glass  will  be  necessary 
The  sun's  large  image  in  the  field  cannot  be  centered  as  truly  as  a  star.  It 
Is  therefore  found  best  to  place  the  intersection  of  the  wires  at  the  lower 
limb  (apparently  the  sun's  upper  edge,  as  reversed  by  the  mirror)  and 
at  the  precise  point  of  tangency,  when  the  sun  is  just  leaving  the  horizontal 
wire,  apparently  descending,  with  the  vertical  wire  bisecting  its  disk. 

This  IS  convenient  for  the  forenoon  observations;  hence  at  the  corre- 
sponding times  after  noon,  with  the  proper  altitude  of  telescope,  one  must 
b9  TtfiAy  9^%  Xhe  mpwent  the  9\W  (ppw  apparently  ascending)  first  reaches 
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the  level  wire,  having  the  vertical  one  bisect  the  sun  by  the  point  of  tan- 
gency,  as  before 

The  XMtir  of  pegs  in  this  case  will  be  set  southeast  and  southwest  of  the 
station.  The  center  or  bisecting  line  of  the  included  arc  would  be  the 
meridian,  were  it  not  for  the  sun  s  chanse  of  declination  in  the  intervening 
time.  This  slight  change  requires  a  calculation  for  correction,  which  the 
star  process  avoids.  The  formula  calls  for  a  short  arithmetical  pzx>cess, 
with  a  table  of  natural  sines. 

WORKING    BT    A   REFERENCE   MARK 

Instead  of  using  pegs  and  tacks  for  day-work  in  this  line,  the  writer 
has  found  it  easier  to  use  a  reference  point  or  mark. 

On  April  17.  after  careful  leveling,  I  set  the  horizontal  plates  at  sero 
with  the  telescope  directed  at  a  distant  spire  for  my  mark.  Clamp  the 
lower  plate  fast,  and  direct  the  telescope  to  the  sun,  observing  it  as  above 
shown.  Find  by  the  horizontal  angle  that  the  sun's  azimuth  to  the  left  or 
east  of  the  spire  is  30°  27';  and  by  the  vertical  arc  I  find  his  altitude  47**  oy. 
(The  semi-oiameter  may  be  disregarded  in  each  pair  of  observations  if 
the  same  limb  of  the  sun  is  used  each  time.) 

For  the  corresjponding  afternoon  observation,  I  have  the  index  of  alti- 
tude fixed  at  47°  OSK.  and  watch  the  sim  rise  (apparently)  to  the  proper 
position.  At  the  right  moment  clamp  the  plate,  use  the  slow  motion,  and 
when  the  disk  is  in  position  find  from  the  norizontal  plate  that  the  sun  is 
84°  49'  west  of  the  spire  or  mark. 

The  whole  arc  is  30°  27' +  84°  49'-"  116°  16';   and  the  bisecting  meridian 

is  67°  38'  from  either  position  of  the  sun.     From  this  one  hcdf  I  subtract 

.  the  first  azimuth  of  the  sun  from  the  mark;    67°  38' -30°  27' —  27°  11'  as 

the  true  bearing  of  the  mark  from  the  uncorrected  meridian,  and  it  apparently 

bears  S.  27°  ir  E.  from  the  transit. 

THB   CORRBCnON    FOR  DECLINATION 

at  or  near  the  times  of  the  solstices,  will  be  merely  theoretical,  as  an  hourly 
difference  of  declination  less  than  10  seconds  will  be  quite  neglirable.  But 
during  the  rest  of  the  year  it  should  be  ascertained,  for  it  would  amount 
to  as  much  as  a  change  of  10'  were  observations  taken  six  hours  apart  on 
September  25,  in  latitude  66°. 

To  calculate  this  correction:  Take  one  half  the  change  in  declination 
between  observations  at  equal  altitude;  divide  these  mmutes  of  change 
by  the  product  of  the  cosine  of  the  latitude  by  the  sine  of  half  the  d'ffer- 
ence  in  time  expressed  in  degrees  (16°  per  hour);  the  quotient  will  be  the 
minutes  of  arc  for  the  correction.  This  is  to  be  applied  from  south  to  west 
from  June  21  to  December  21  (decUnation  decreasing)  and  from  south  to 
east  the  rest  of  the  year. 

EXAMPLE    OF  ABOVE   OPERATION 

on  April  17,  ii:  latitude  39°,  using  standard  watch-time;  second  and  third 
pairs  of  observations,  the  first  pair  being  already  noted. 

B.  10  :  01  A.M.  altitude  49°  36'  azimuth  E.  from  mark  26°  07* 

C.  10  :  16  A.M.  altitude  51°  48'  azimuth  E.  from  mark  21°  38' 
C.  1  :  69  P.M.  altitude  61°  48'  azimuth  W.  from  mark  76°  00' 
B.     2  :  14  P.M.  altitude  49°  36'  azimuth  W.  from  mark  80°  29' 

The  sum  of  the  measured  arcs  of  the  B  B  positions,  26°  07' +  80°  29' ■- 
106°  36'.  The  middle  point  for  meridian  is  at  63°  18'.  As  the  reference 
mark  is  26°  07'  from  the  forenoon  sun,  its  arc  from  the  south  meridian  point 
must  be  63°  IS'  -26°  07',  and  its  course  from  the  transit  is  again  found  S. 
27°  11'  E.     (Uncorrected.) 

The  third  pair.  C  C,  gives  21°  38' +  76°  00' =  97°  38'.  One  half  of  this, 
or  48°  49',  less  21*  38',  gives  the  same  resulting  arc,  27°  11'. 

OOBRBCTION   FOR   CHANGE   OF  DECUNATION 

One  half  of  the  change  on  that  day  in  4i  hours  was  1.9'.  The  cosine 
of  the  latitude  39°  is  .78;  the  sine  of  half  the  difference  in  time  (2|  hours-" 
about  32°)  is  .63;    their  product  is  .78 X .63 -.41.    Dividing  1.^  by  AU 
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the  quotient  is  4J  minutes  of  arc  for  correction  of  the  south  meridian 
point  eastward.  This  gives  the  bearing  of  the  spire  or  mark  from  the  true 
meridian.  S.  27°  06'  SCT  E. 

THB   DIRECT   TRANSIT   OBSERVATION   OF  THE  SUN 

for  meridian  is    an  operation  highly  commended  by  many;    and  with  a 

Eerfect  instrument  used  by  an  imerring  workman  it  should  be  wholly  relia- 
le.  Yet  the  writer  meets  numerous  capable  engineers  who  object  to  its 
use  and  will  not  depend  on  it. 

There  are  so  many  uncertainties  attending  its  use  by  unknown  persons 
with  the  possibly  disordered  instruments,  and  so  many  lines  nominally 
established  by  it  have  been  found  out  of  limits,  that  the  method  has  not 
been  approved  in  the  Manual  of  Instructions  unless  the  results  are  verified 
by  the  mdependent  check  of  Polaris.  The  latter  being  direct  and  simple 
and  having  no  possible  connection  with  the  solar  methods,  cannot  be 
dispensed  with  as  the  court  of  last  resort  to  prove  the  accuracy  of  the 
tedious  and  intricate  **dirfect  solar"  problems,  where  the  mean  of  repeated 
observations  is  apt  to  involve  repetition  of  error. 

To  use  the  sim  in  that  manner,  one  must  sacrifice  much  time,  in  the  best 
working  hours,  in  observing  and  in  solving  his  spherical  triangles,  usually 
under  conditions  of  physical  discomfort,  while  his  party  waits;  or  else  he 
must  proceed  to  work  and  secure  his  solution  at  another  time  and  place. 

Of  all  the  methods  r»f  taking  an  observation  for  meridian,  this  appears 
most  thickly  beset  with  chances  for  error.  The  result  is  certainly  affected 
by  any  index  error  in  the  vertical  arc,  or  in  the  collimation  of  the  telescope, 
unless  one  has  a  full  circle  annd  eliminates  the  error  by  reversing,  repeat- 
ing, and  averaging.  Any  arithmetical  error  in  logarithmic  readings  or 
wntten  work  will  vitiate  the  results. 

The  surveyor  is  obliged  to  pay  due  regard  to  latitude  and  co-latitude, 
altitude  and  zenith  distance,  declination  and  co-declination.  He  must 
take  care  of  his  standard  time,  longitude,  and  azimuth  from  reference 
mark.  The  exact  refraction  should  l^  used,  with  due  regard  to  temper- 
ature, barometer,  and  humidity.  Having  safely  determined  all  these, 
he  is  then  ready  to  perform  his  calculation;  yet  at  last  mav  well  suspect 
whether  sonie  error  has  crept  in,  unless  he  has  some  independent  test. 

Such  a  check,  suited  to  the  latitude  of  Alaska  or  elsewhere,  is  believed 
to  be  foimd  in  the  method  of  equal  altitudes.  A  surveyor  may  set  a  tack 
beneath  his  star  at  ten  in  the  evening,  noting  its  altitude;  and  should  fog 
and  storm  set  in  for  a  dayor  a  week,  it  will  only  delay  but  not  defeat  his 
completion  of  the  work.  Whenever  it  clears  oflF  he  can  secure  his  counter 
observation  about  two  in  the  morning,  with  no  doubt  of  finding  the  correct 
meridian. 

The  foregoing  pages  will  not  appeal  strongly  to  surveyors  that  are  in- 
different to  certain  precision,  and  averse  to  losmg  sleep;  but  they  have  been 
apijroved  by  several  of  a  different  class — men  who  have  kept  many  a  long 
vigil  of  the  small  hours  to  secure  the  most  critical  use  of  Folaris,  and  lay 
oourees  from  which  no  competent  inspector  oould  materially  differ. 
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TRIGONOMETRIC  FORMULA. 


Tbioonombtric  Functions. 

Let  A  (FifiT.  107)  »  angle  BAO  ss  arc  BF^  and  let  the  radius  AB* «  AB  ts 
AH=1. 


We  then  have 

sin^ 

t=BO 

cos^ 

^AO 

tan^ 

^DF 

cot^ 

=  Ha 

sec^ 

z=zAD 

cosec  A 

^AQ 

versing 

^CF^BB 

covers  A 

:=BK=HL 

exaecA 

=  BD 

coexseGA 

z=BG 

chord -4 

=  BF 

chord  2^ 

^BI^flBO 

Fia.  107. 


In  the  righ^angled  triangle  ABC  (Fig.  10?) 
Let  AB  =  c,AC-  6,  and  BC  =  o. 
We  then  have : 


1.  sin^ 

2.  cos  A 

3.  tan^ 

4.  cot^ 

5.  sec^ 

6i  cosec -4 


=     —     =  cos  B 
c 


ssiuJ? 


=  tanB 


=  cosec -B 


^     =  secB 


A  c  —  6  ^ 

7.  vers  A      = =  covers  B 

o 

c  —  6 

8.  exsec  A    =  — ,: —  =  coexsec  B 

o 


9.    covers  A 


:  versin  B 


21.  area 


11.  a  =  c  sin  ^  =  &  tan  A 

12.  6  s=  ccos^  =  acot^ 

18.  c  =       "      -3     ^ 

sin  A       QO&A 

14.  a  =  ccosB  =  5cot£ 

15.  &  =  c  sin  B  =  a  tan  B 

16. 

17.  a  =  V"(c  +  6)(c-6)~ 

18.  6  =  i^(c-f-a)(o-a) 

19.  c  =  i^aa  4-  6« 

20.  C=90«  =  ^  +  B 

o6 
2 


_a_  ^      5_ 
cos  B      sin  ^ 


TRIGONOMETRIC  FORMULA. 


01 


B 

/ 

N^ 

./ 

6'  -                        Xrt 

Fio.ioa. 

23 

80VQHT. 

FOBMUUB. 

A,B,a 

C,6.c 

C^mp-{A-\-B),        6  =  jg^.sin-B. 

<^=5^BinM  +  ^ 

2S 

A,a,b 

B,C,  c 

^-  8in.i-°^^- 

2i 

C,a,b 

H(^  +  ^ 

Jl5(^  +  J5)==90«-HC 

25 

HU-B) 

taiiHU-B)  =  ^^tanHU  +  ^ 

98 

^.B 

«7 

0 

28 
29 

80 

a,6,c 

area 

J5:=^a6BinC. 

Let«  =  «(a  +  6+c);8inH^  =  i/^'-''^^*"''^ 

81 

^^^^2V8(,-  a)(s~6)(8-c). 
6c                  ' 

8S 

• 

area 

6c 

r  =  Va  («  _  a)  («  -  fe)  («  -  c) 

88 

A,B,C,a 

area 

^      a"  sin  B .  sin  C 
2sin^ 
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TABLE  I. 
ELEVATIONS  CORRESPONDING  TO  BAROMETRIC  READINGS.* 


B. 


Inches 
18.0 
18.1 
18.2 
18.3 
18.4 
18.5 
18.6 
18.7 
18.8 
18.9 
19.0 
19.1 
19.2 
19.3 
19.4 
19.5 
19.6 
19.7 
19.8 
19.9 
20.0 
20.1 
20.2 
20.3 
20.4 
20.5 
20.6 
20.7 
20.8 
20.9 
21.0 
21.1 
21.2 
21.3 
21.4 
21.5 
21.6 
21.7 
21.8 
21.9 
22.0 
22.1 
22.2 
22.3 
22.4 


A. 


Feet 
13,018 
ISJtil 
I3,ni7 
13.4fJR 
13.:U9 
13,  [  72 
13,(J35 
12.H79 
12j:t3 
12.  .-.SO 
12,  U5 
12.:i03 
12,nS0 
12,018 
11,S77 
11.7.17 
11, .^98 
1M50 
ll,ri31 
11JH4 
11.047 

io,aii 

10,7TEi 

10,642 

10,508 

10,375 

10,242 

10,110 

<>.979 

9.S48 

t>.7l8 

n.589 

?5.  E60 

r!,'i32 

51,204 

U.i>77 

«,951 

K.S25 

S,700 

S.:>75 

S.451 

H.:^27 

K204 

S,iJ82 

7.06O 


Diff. 
for  .01 


Feet 

-15.1 
15.0 
14.9 
14.9 
14.7 
14.7 
14.6 
14.6 
14.4 
14.4 
14.3 
14.2 
14.2 
14.1 
U.O 
13.9 
13.9 
13.8 
13.7 
13.7 
13.6 
13.5 
13.4 
13.4 
13.3 
13.3 
13.2 
13.1 
13.1 
13.0 
12.9 
12.9 
12.8 
12.8 
12.7 
12.6 
12.6 
12.5 
12.5 
12.4 
12.4 
12.3 
12.2 

-12.2 


B. 


Inches 
22.4 
22.5 
22.6 
22.7 
22.8 
22.9 
23.0 
23.1 
23.2 
23.3 
23.4 
23.5 
23.6 
23.7 
23.8 
23.9 
24.0 
24.1 
24.2 
24.3 
24.4 
24.5 
24.6 
24.7 
24.8 
24.9 
25.0 
25.1 
25.2 
25.3 
25.4 
25.5 
25.6 
25.7 
25.8 
25.9 
26.0 
26.1 
26.2 
26.3 
26.4 
26.5 
26.6 
26.7 


Feet 
7.960 
7.^38 
7.717 
7,/j97 
7,i77 
7,;i58 
7,239 
7.121 
7,{J04 
0.S87 
r>.770 
6.t;54 
0,.^38 
6,423 
6.308 
6,194 
6,080 
5,967 
5,864 
^,741 
5,629 
5,.^il8 
5.107 
5.296 
rfAS6 
3,077 
4,ft68 
4,859 
4,751 
4,f>43 
4,n35 
4,428 
4,r!21 
4.215 
4: 109 
4,004 
StS99 
3,794 
3,090 

3,^:86 

3,483 
3A30 
3.277 
3,175 


Diflf. 
for  .01. 


Feet 

-12.2 
12.1 
12.0 
12.0 
11.9 
11.9 
11.8 
11.7 
11  7 
11.7 
11.6 
11.6 
11.5 
11.5 
11.4 
11.4 
11.3 
11.3 
11.3 
11.2 
11.1 
11.1 
11.1 
11.0 
10.9 
10.9 
10.9 
10.8 
10.8 
10.8 
10.7 
10.7 
10.6 
10  6 
10.5 
10.5 
10.5 
10.4 
10.4 
10.3 
10.3 
10.3 

-10.2 


B. 


Inches 
26.7 
26.8 
26.9 
27.0 
27.1 
27.2 
27.3 
27.4 
27.5 
27.6 
27.7 
27.8 
27.9 
28.0 
28.1 
28.2 
28.3 
28.4 
28.5 
28.6 
28.7 
28.8 
28.9 
29.0 
29.1 
29.2 
29.3 
29.4 
29.5 
2^.6 
29.7 
29.8 
29.9 
30.0 
30.1 
30.2 
30.3 
30.4 
30.5 
30.6 
30.7 
30.8 
30.9 
31.0 


A. 


Feet 

3,175 

3.073 

2.972 

2,871 

2,770 

2,670 

2,570 

2,470 

2,371 

2,272 

2.173 

2,075 

1977 

1,880 

1.783 

1,686 

1,589 

1,493 

1,397 

1,302 

1.207 

1,112 

1,018 

924 

830 

736 

643 

550 

458 

366 

274 

182 

91 

00 

-91 

181 

271 

361 

451 

540 

629 

717 

805 

-893 


PiflF. 
for  .01. 


Feet 

-10.2 
10.1 
10.1 
10.1 
10.0 
10.0 
10.0 
9.9 
9.9 
9.9 
9.8 
9.8 
9.7 
9.7 
9.7 
9.7 
9  6 
9.6 
9.5 
9.5 
9.5 
9.4 
9.4 
9.4 
9.4 
9.3 
9.3 
9.2 
9.2 
9.2 
9.2 
9.1 
9.1 
9.1 
9.0 
9.0 
9.0 
9.0 
8.9 
8.9 
8.8 
8.8 
-8.8 


*  Taken  from  Appendix  10,  Report  of  U.  S.  Coast  and  Geodetic  Surrey 
for  1881. 
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CORRECTION  COEFFICIENTS  TO  BAROMETRIC  ELEVATIONS 
FOR  TEMPERATURE  AND  HUMIDITY.* 


t-¥f. 

C, 

Diff. 
for 

/+«'. 

C. 

Diff. 
for 
1«. 

/+«'. 

C. 

Diff. 
for 
V. 

O* 
10' 
20'> 
30* 
40 
60° 
60» 

1  M  1  1  1  1 
o 

10.9 
10.9 
10.8 
10.6 
10.6 
10.6 

60O 
70» 
80* 
90« 
100* 
110* 
120° 

-0.0380 

-  .0273 

-  .0166 

-  .0058 
+    .0049 
+    .0156 
+    .0262 

10.7 
10.7 
10.8 
10.7 
10.7 
10.6 

120* 

130O 

140'* 

150 

160O 

170<» 

180O 

+0.0262 
+    .0368 
+    .0472 
4-    .0676 
+    .0677 
+    .0779 
M-    .0879 

10.6 
10.4 
10.3 
10.2 
10.2 
10.0 

*  Compaed  from  Tables  I  and  IV,  Report  of  U.  S.  Coast  and  Geodetio 
Survey  for  1881. 

TABLE   III. 

AMOUNT  AND  VARIATION  OP  THE  MAGNETIC  NEEDLE    FROM 
ITS  MEAN  DAILY  POSITION.. 

The  letters  E  and  W  indicate  which  side  of  the  mean  position  the  needle 
points. 


Season  ^nd  PdsitteD  tu 

Local  Mean  Timei  Morning  Houra. 

Latitude, 

6h. 

7li, 

«. 

9h. 

10  h. 

11  h. 

13  1L 

Decern  ber^  Juatiary,  Fobniiiryi 

Latitude  37«  to  4QP . 

Latitude  25M.O  37* 

Mareb.  April.  Miiy: 

Latitude  37=  to  iff" 

Latitude  25°  to  3r 

June,  July,  AuRiist: 

Latitude  37«  to  49^.  ,  . . 

Latitude  25'  to  37",  ,  .  ,    . 
Ser  tetii  be  r,  Oe  t  obe  r,  November . 

Ijititude  37^  t^3  49" 

Latitude  25"  to  37* 

Min. 
0.7  E 
0.1  W 

2.6  E 
1.6  E 

4.0  E 
2.4  E 

LSE 
0,9  E 

Min. 
1.1  E 
0.1  E 

3.8  e' 
2,BE 

5.6  E 

4.0  E 

2.6  E 

2.1  E 

Min. 

LflE 
LOE 

4.4  E 
3.3  E 

5.7  E 
4.3  E 

3.1  E 
2.6  E 

Miii. 
2.2  E 

3.0  E 

3.5  E 
2.6E 

4,5  E 
2.9  E 

2.5  E 

2.1  E 

Mi.;. 

1.5E 
3.3  E 

!.3E 
LIE 

L7E 
0.5  E 

1.0  E 
(l.f»E 

Kin. 
O.IW 
LIE 

1.6  E 
0.6  W 

1.6  E 
l.GW 

L5E 
0.9  E 

Mm. 
L8W 

0.5  W 

3.8  W 
L9W 

4.1  W 

2.SW 

3.3  W 
2.1  W 

Softflon  And  PositioQ  in 
Latitude- 


DeoeEnber,  JunuHi-y  February: 

Lfltiturie  37^  to  40° 

Latkddo  25'  to  37' 

Marcvh,  April,  Muy: 

Latitude  37*  to  49".  ....... 

Latitude  25*  to  37* 

Jwne»  July,  .4.UKust: 

Latitude  37"  to  49* 

Latitude  25°  to  37°.  , 

Septem  her,  Oo  tr  jber,  November  ■ 

Latitude  37"  to  40^ 

Latitude  33**  to  37"* 


Loc^  Moan  Tim©:  Aft«r£iOOi:x  Hoiitb, 


Oh.     1  h,     2  h.     3  h.     4  h.     5  h,     6  h- 


Mtn. 

1.8  W 
0.6  W 

3.aw 

1.9  W 

4.1  W 

3.S  W 


Min.  I  Min. 
2.flWl2.SW 
1.5W|l.8W 

4.8  W.  4.6  W 
2.6W3.SW 

5,0  W  5,6  W 
3.2Wi3.1  W 


3.3W4.0WJ3.4W 
3.1  W  2.3  Wil.eW 


Min 

2.1  W 
l.GW 

3.8  W 
2.4TV 

4.fiW 
2,4  W 

2,3  W 

1.2  W 


Min, 
1.3  W 
LOW 

2,5  W 
l.ftW 

3.0  W^ 
l.riW 

1.3  W 
0.7  W 


Min. 
0.7  W 
0,4  W 

1.4W 

1.4  W 
OSW 

o.ew 

0.4  W 


Min. 
0.2  W 
0-1  W 

0,7  W 
0.5  W 

O.GW 
0.4  W 

0,1  W 
0.3  W 
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Table  IV. 

LOCAL    CIVIL  TIME  OF  THE  ELONGATIONS  OF  POLARIS  IN 
THE  YEAR   1905. 

(Computed  for  Latitude  40®  north  and  Longitude  90®  or  6  h.  west  of 
Greenwich.) 


Date. 


Eastern 

Western 

Elongat 

ion. 

Elongation. 

h.  m. 

h.     m. 

12  46.4 

pja. 

12  39.3  A.M. 

11  61.1 

A.M. 

11   41.1    P.M. 

10  44.0 

A..M. 

10  34.0  P.M. 

9  48.7 

A.M. 

9  88.7  P.M. 

8  53.6 

A.M. 

8  43.5  PM. 

7  58.3 

A.M. 

7  48.3  P.M. 

6  61.3 

A.M. 

6  41.3  P.M. 

5  50.3 

AJil. 

6  46.3  PJki. 

4  53.6 

A.M. 

4  43.6  pj«. 

3  68.5 

AJC. 

3  48.5  PM. 

2  51.9 

A.M. 

2  41.9  P.M. 

1  67.1 

AM. 

1   47.1   TM. 

12  54.4 

AM. 

12  44.4  P.M. 

11  56.7 

P3I. 

11  49.6  AM. 

10  49.1 

PJif. 

10  43.1  A.M. 

9  64.3 

P.M. 

9  48.2  A.M. 

8  47.7 

P.M. 

8  41.6  AM. 

7  52.8 

P.M. 

7  46.7  A.M. 

6  50.0 

P.M. 

6  43.9  A.M. 

5  66.0 

P.M. 

5  48.9  A.M. 

4  48.2 

P.M. 

4  42.1  AM. 

3  53.0 

P.M. 

3  47.0  A.M. 

2  60.0 

P.M. 

2  43.9  A.M. 

1  64.8 

P.M. 

1  48.7  AM. 

1906. 
January  1 <  . . . 

January  15 

February  1 

February  15 

March  1 

March  15 

April  1 

Apiill6 

May  1 

May  15 

June  1 

June  16 

July  1 

July  15 

August  1 

August  15 

September  1 

September  16 

October  1 

October  15 

November  1 

November  15 

December  1 

December  15 


-     -, .-3ngat] 

and  upper  culmination  is  about  5  hrs.  55  m.,  while  between  either  elonga- 
tion and  lower  culmination  it  is  about  6  hrs.  3  m.     (See  p.  368.) 

A.  To  refer  the  above  tabular  quantities  to  years  subse- 
quent to  1905: 

For  year  1907  add 2.5  minutes 

1908  "  3.8 

1908  subtract 0.1 

1909  add 1.1 


1910 
1911 
1912 
1912 
1913 
1914 
1915 
1916 
1916 

mi 

J919 
1920 
1920 


2.3 
3.6 
5.0 
1.1 
2.5 
3.9 
6.4 
6.9 
3.0 
4.6 
6.2 
7.8 
9.4 
5.6 


up  to  Bfarch  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  March  1 


up  to  March  1 

on  and  after  March  1 
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B.  To  refer  to  any  calendar  day  other  than  the  first  and  fifteenth 
of  each  months  subtract  the  quantities  below  from  the  tabular 
quantity  for  the  preceding  date  or  add  to  the  tabular  quantity 
for  the  FOLLOWING  date: 


Day  of  Month. 

Minutes. 

No.  of  Da: 

2  or  16 

3.9 

1 

3   17 

7.9 

2 

4   18 

11.8 

3 

5   19 

15.7 

4 

6   20 

19.6 

5 

7   21 

23.6 

6 

8   22 

27.5 

7 

9   23 

31.4 

8 

10   24 

35.4 

9 

11   25 

39.3 

10 

12   26 

43.2 

11 

13   27 

47.2 

12 

14   28 

51.1 

13 

29 

55.0 

14 

30 

58.9 

15 

31 

62.9 

16 

For  the  tabular  year,  two  eastern  elongations  occur  on  July  14, 
and  two  western  elongations  on  January  11, 
C.  To  refer  the  table  to  standard  time.  Add  to  the  tabular  quan- 
tities four  minutes  for  everjr  degree  of  longitude  the  place  is 
west  of  the  standard  meridian  and  subtract  when  the  place 
is  east  of  the  standard  meridian. 

D.  To  refer  to  any  other  than  the  tabular  latitude  between  the 
limits  of  25°  and  50®  North:  Add  to  the  time  of  west  elongation 
0".12  for  every  degree  south  of  40°  and  subtract  from  the 
time  of  WEST  elongation  0^.17  for  every  degree  north  of  40°. 
For  EASTERN  elougatious  subtract  0m.12  for  every  degree 
south  of  40°  and  add  0**.17  for  every  degree  north  of  40°. 

E.  To  refer  to  any  other  than  the  tabular  longitude;  Add  0^.16 
for  each  15°  east  of  the  ninetieth  meridian  and  subtract  0**.16 
for  each  15°  west  of  the  ninetieth  meridian. 

The  deduced  time  of  elongation  will  seldom  be  in  error  more 
than  (K.3,  especially  before  1911. 

Note.  In  the  Practical  Suggestions  on  page  357  are  given  complete 
directions  for  applying  the  above  rules,  together  with  an  example  illustrat- 
ing the  method  of  finding  the  time  of  elongation. 

Table  IV  and  the  accompanying  rules  have  been  kindly  fur- 
nished for  this  book  by  the  Supenntendent  of  the  U.  S.  Coast 
and  Geodetic  Survey. 
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Tablb 

AZIMUTH  OF  POLARIS  WHEN  AT  ELONGATION 


Lati- 
tude. 

1905 

1906 

1907 

1908 

1909 

1910 

1911 

1912 

25° 

1°  19'.  4 

1°  19M 

1°  18'. 7 

1°  18'.  4 

1°  18' 

.1 

1°  17' 

.7 

1°  17'.  4 

1°  17'. 0 

26 

20  .1 

19  .8 

19  .4 

19  .1 

18 

.7 

18  4 

18  .0 

17  .7 

27 

20  .8 

20  .5 

20  .1 

19  .8 

19 

.4 

19 

.1 

19  .1 

18  .4 

28 

21  .6 

21  .3 

20.  9 

20  .5 

20 

.1 

19 

.8 

19  A 

19  .1 

29 

22  .4 

22  .1 

21  .7 

21  .3 

20 

.9 

20 

.5 

20  .2 

19  .8 

30 

23  .1 

22  .8 

22  .4 

22  .1 

21 

.7 

21 

.3 

21  .0 

20  .6 

31 

24  .0 

23  .6 

23  .2 

22  .5 

22 

.2 

21 

.2 

21  .8 

21  .5 

32 

24  .9 

24  .5 

24  .1 

23  .8 

23 

.4 

23 

.1 

22  .7 

22  .3 

33 

25  .9 

25  .5 

25  .1 

24  .7 

24 

.3 

24 

.0 

23  .6 

23  .3 

34 

26  .9 

26  .5 

26  .1 

25  .7 

25 

.3 

25 

.0 

24  .6 

24  .2 

35 

27  .9 

27  .5 

27  .1 

26  .8 

26 

.4 

26 

.0 

25  .6 

25  .2 

36 

29  .0 

28  .6 

28  .2 

27  .9 

27 

.5 

27 

.1 

26  .7 

26  .1 

37 

30  .1 

29  .7 

29  .3 

29  .0 

28 

.6 

28 

.2 

27  .8 

27  .4 

38 

31  .4 

31  .0 

30  .6 

30  .2 

29 

.8 

29 

.4 

29  .0 

28  .6 

39 

32  .7 

32  .3 

31  .8 

31  .4 

31 

.0 

30 

.6 

30  .2 

29  .8 

40 

34  .0 

33  .6 

33  .2 

32  .8 

32 

.4 

32 

.0 

31  .6 

31  .] 

41 

35  .4 

35  .0 

34  .6 

34  2 

33 

.8 

33 

4 

32  .9 

32  .5 

42 

36  .9 

36  5 

36  .0 

35  .6 

35 

2 

34 

.8 

34  .2 

34  .0 

43 

38  .5 

38  .1 

37  .6 

•37  .2 

36 

.8 

36 

.3 

35  .9 

35  .5 

44 

40  .1 

39  .7 

39  .2 

38  .8 

38 

.4 

37 

.9 

37  .5 

37  .1 

45 

41  .8 

41  .4 

40  .9 

40  .5 

40 

.1 

39 

.6 

39  .2 

38  .7 

46 

43  .7 

43  .2 

42  .7 

42  .3 

41 

.9 

41 

.4 

41  .0 

40  .5 

47 

45  .6 

45  .1 

44  .6 

44  .2 

43 

.7 

43 

.3 

42  .8 

42  .4 

48 

47  .7 

47  .2 

46  .7 

46  .3 

45 

.8 

45 

.3 

44  .8 

44  .4 

49 

49  .8 

49  .3 

48  .8 

48  .4 

47 

.9 

47 

.4 

46  .9 

46  .4 

50 

1°52'.0 

1°51'.5 

1°51'.0 

1°50'.6 

1°50' 

.1 

1°49' 

.6 

1°  49^ .  1 

1°48M 

The  above  Table  was  computed  with  mean  declination  of 
Polaris  for  each  year.  A  more  accurate  result  will  be  had  by 
applying  to  the  tabular  values  the  following  correction,  which 
depends  on  the  difference  of  the  mean  and  the  apparent  place 
of  the  star.  (See  Note  in  Art.  605.)  The  deduced  azimuth 
will,  in  general,  be  correct  within  0'.3. 

The  azimuths  in  Table  V  are  reckoned  clockwise  from  the 
true  north  for  the  eastern  elongation,  and  counter-clockwise 
from  the  true  north  for  the  western  elongation.  For  inter- 
mediate latitudes  values  may  be  obtained  by  interpolation 
without  in  general  exceeding  an  error  of  0'.3.  Table  V  and 
the  supplementary  table  have  been  kindly  furnished  by  the 
Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey  for 
pubUcation  in  this  book. 
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FOR  ANY  YEAR  BETWEEN  1905  AND  1920 


Lati- 
tude. 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

1920 

25° 
26 
27 
28 
29 

1°16'.7 

17  .3 

18  .0 

18  .7 

19  .5 

1M6'.4 

16  .6 

17  .7 

18  .4 

19  .1 

1°  16' .0 

16  .3 

17  .3 

18  .0 
18  .8 

1°15'.7 

16  .3 

17  .0 

17  .7 

18  .4 

1°  16'. 3 
16  .0 

16  .6 

17  .3 

18  .1 

1°  15'.  0 

15  .5 

16  .3 

17  .0 
17  .7 

1°  14'. 7 
15  .3 

15  .9 

16  .6 

17  .4 

1°  14'.  3 

14  .9 

15  .6 

16  .3 

17  .0 

30 
31 
32 
33 
34 

20*. 3 

21  .1 

22  .0 

22  .9 

23  .8 

19  .9 

20  .7 

21  .6 

22  .5 

23  .5 

19  .6 

20  .4 

21  .2 

22  .1 

23  .1 

19  .2 

20  .0 

20  .9 

21  .8 

22  .7 

18  .8 

19  .7 

20  .5 

21  .4 

22  .4 

18  .5 

19  .3 

20  .1 

21  .0 

22  .0 

18  .1 

18  .9 

19  .8 

20  .7 

21  .6 

17  .8 

18  .6 

19  .4 

20  .3 

21  .2 

35 
36 
37 
38 
39 

24  .9 

25  .9 

27  .0 

28  .2 

29  .4 

24  .5 

25  .5 

26  .7 

27  .8 
29  .0 

24  .1 

25  .2 

26  .3 

27  .4 

28  .6 

23  .7 

24  .8 

25  .9 

27  .0 

28  .2 

23  .3 

24  .4 

25  .5 

26  .0 

27  .8 

23  .0 

24  .0 

25  .7 

26  .2 

27  .5 

22  .6 

23  .6 

24  .7 

25  .9 
27  .1 

22  .2 

23  .3 

24  .3 

25  .5 

26  .7 

40 
41 
42 
43 
44 

30  .7 

32  .1 

33  .5 

35  .0 

36  .6 

30  .3 

31  .7 

33  .1 

34  .6 
36  .2 

29  .9 

31  .3 

32  .7 

34  .2 

35  .8 

29  .5 

30  .9 

32  .3 

33  .8 
35  .3 

29  .1 

30  .4 

31  .9 

33  .4 

34  .9 

28  .7 

30  .0 

31  .5 

32  .9 
34  .5 

28  .3 

29  .6 

31  .0 

32  .5 
34  .1 

27  .9 

29  .1 

30  .5 

32  .1 

33  .6 

45 
46 
47 
48 
49 

38  .3 

40  .1 

41  .9 
43  .9 
46  .0 

37  .8 
39  .6 
41  .5 
43  .4 
45  .5 

37  .4 
39  .2 
41  .0 
43  .0 
45  .0 

37  .0 

38  .7 
40  .6 
42  .5 
44  .5 

36  .1 
.     38  .3 
40  .1 
42  .0 
44  .1 

36  .1 

37  .8 
39  .7 

tl.t 

35  .7 
37  A 
39  .2 
41  .1 
•^'  43  .1 

35  .3 

37  .0 

38  .8 
40  .7 
42  .7 

50 

1°48  .2 

1°47'.7 

1«'47'.2 

1°46'.2 

1°46',2 

1°45'.7 

1°45'.3 

1°44'.8 

For  Middle  of 

Correction. 

For  Middle  of 

Correction. 

January 

February 

March 

-0'.5 
-0  .4 
-0  .3 
-0  .1 
+0.1 
+  0.2 

July 

+  0'.2 

August 

+  0  .1 

September 

October 

-0  .1 

A.pril 

—  0    4 

May 

November 

December 

-0  .6 

June 

—0  .8 
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TABLE  VI.    DEGREES  AND  TIME. 


TO  REDUCE  DEGREES  TO  TIME.  | 

TO  REDUCE  TIME  TO  DEGREBa 

o 

H.M.  1 

o 

H.M. 

1 

^1 

& 

1 

M. 

•   / 

M. 

o   / 

/ 

M. 

S. 

/ 

M.S. 

S. 

/  // 

8. 

/   // 

// 

S.T.  1 

// 

S.T. 

T. 

//  /// 

T. 

//  /// 

1 

2 

S 

.  4 

5 

0 
0 
0 
0 
0 

4 
8 
12 
16 
20 

51 
52 
58 
54 
55 

8 
8 
8 
8 
8 

24 

28 
82 
86 
40 

101 
102 
108 
104 
105 

6  44 
6  48 
6  52 

6  56 

7  0 

1 

I* 
f 

15 

1 
2 
8 

4 
5 

0  15 
080 
045 

1  0 
1  16 

51 
52 
53 
54 
55 

12  45 

13  0 
18  15 
18  80 
18  45 

6 
7 
8 
9 
10 

0 
0 
0 
0 
0 

24 

28 
82 
36 
40 

56 
57 
58 
59 
60 

S 

8 
8 
8 
4 

44 
48 
52 
56 
0 

106 
107 
106 
100 
110 

7  4 
7  8 
7  12 
7  16 
720 

3i 
4 

^5* 

6J 

52* 
60 

s? 

75 
82* 

6 

7 
8 
9 
10 

1  80 
145 

2  0 
2  15 
280 

56 
57 
58 
59 
60 

14  0 
14  15 
14  80 
14  45 
16  0 

11 

12 
18 
14 
15 

0 
0 
0 
0 

1 

U 
48 
62 
66 
0 

61 
62 
68 
64 
65 

4 
4 
4 
4 
4 

4 
8 
12 
16 
20 

115 
120 
125 
180 
185 

7  40 

8  0 
820 

8  40 

9  0 

6 

I* 

90 

97* 
105 
112* 
120 

It 
12 
18 
14 
15 

245 
8  0 
8  15 
830 
345 

61 
62 
63 
64 
66 

15  15 

15  80 

16  45 
16  0 
16  15 

16 
17 
18 
19 

ao 

1 
1 
1 

1 
1 

4 

8 
12 
16 
20 

66 
67 
68 
69 
70 

4 
4 
4 
4 
4 

24 
28 
32 
86 
40 

140 
145 
150 
155 
160 

920 
9  40 
10  0 
10  20 
10  40 

10* 

127* 

135 

142* 

150 

157* 

16 
17 
18 
10 
20 

4  0 
4  15 
4  80 
445 
6  0 

66 
67 
68 
69 
70 

16  80 

16  45 

17  0 
17  15 
17  80 

21 
22 
2d 
24 
25 

1 
1 
1 
1 
1 

24 
28 
82 
86 
40 

71 
72 
78 

74 
75 

4 
4 
4 

4 
6 

44 
48 
52 
56 
0 

165 
170 
176 
180 
185 

11  0 

11  20 
1140 
J2  0 

12  20 

11 

165 
172* 
180 
187* 
195 

21 
22 
28 
24 
26 

5  15 
580 
545 

6  0 
6  16 

71 
72 
78 
74 
75 

17  45 

18  0 
18  15 
18  80 
18  45 

26 
27 
28 
29 
30 

1 
1 
1 
1 

2 

44 
48 
52 
56 
0 

76 
77 
78 
79 
80 

5 
5 
6 
5 
6 

4 

8 

12 

16 

20 

190 
195 
20O 
205 
210 

12  40 

13  0 
13  20 

13  40 

14  0 

3? 

14i 
15 
15* 

202* 
210 
217* 
225 
282* 

26 
27 
28 
29 
30 

680 
645 
7  0 
7  15 
780 

76 
77 
78 
79 
80 

19  0 
19  16 
10  80 

19  45 

20  0 

81 
32 
33 
34 
85 

2 
2 
2 
2 
2 

4 
8 
12 
16 
20 

81 
82 
88 
84 
85 

6 
5 
5 
5 
5 

24 
28 
32 
86 
40 

215 
220 
225 
280 
235 

14  20 

14  40 

15  0 
15  20 
15  40 

16 
16* 
17 
17* 

18 

240 

247* 

255 

262* 

2^1 

81 
32 
83 
84 
85 

745 
8  0 
8  15 
880 

8  45 

81 
82 
83 
84 
85 

20  15 

20  ao 

20  46 

21  0 
21  16 

36 
37 
38 
39 
40 

8 
2 
2 
2 
2 

24 

28 
32 
36 
40 

86 
87 
88 
89 
90 

5 
5 
5 
5 
6 

44 
48 
52 
56 
0 

240 
245 
260 
855 
260 

16  0 
16  20 

16  40 

17  0 
17  20 

18* 
19 

20 
20* 

277* 

285 
292* 
800 

8or* 

86 
37 
38 
89 
40 

9  0 
9  15 
980 
9  45 
10  0 

86 
87 
88 
89 
90 

21  80 

21  45 

22  0 
22  16 
22  80 

41 
42 
43 
44 
45 

2 
2 

2 
2 
3 

44 
48 
52 
56 
0 

91 
92 
93 
94 
96 

6 
6 
6 
6 
6 

4 

8 

12 

16 

20 

270 
280 
290 
300 
310 

18  0 

18  40 

19  20 

20  0 
20  40 

21 

21* 

22 

22* 

23 

815 
322* 
330 
337* 
346 

41 
42 
48 
44 
45 

10  15 
10  80 

10  45 

11  0 
11  16 

91 
92 
98 
94 
95 

22  46 
28  0 
28  16 
28  80 
28  45 

46 
47 
48 
49 
60 

3 
8 
8 
3 
8 

4 
8 
12 
16 
20 

96 
97 
98 
99 
100 

6 
6 
6 
6 
6 

24 
28 
32 
86 
40 

320 
330 
840 
350 
860 

21  20 

22  0 
22  40 
28  20 
24  0 

28* 
24 

352* 
860 

46 
47 
48 
49 
60 

11  80 

11  46 

12  0 
12  15 
12  80 

96 
97 
98 
99 
100 

24  0 
24  15 

24  ao 

24  46 

25  0 
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TABLE  VIL 

REFRACnONa   m    terms   of  latitude.   HOURrANaLE.  AND 
SUN'S  DECLINATION. 

A  TABiiU  OF  Mean  Rbfractions  in  Declination  to  bb  Used  with  th« 
Solar  Attachment. 

Apply  to  the  Declination  as  Found  in  the  Ephemeris. 


Declinations. 

1 

For  Latitude  20®. 

& 

+  20O 

+  15» 

+  10" 

+  5" 

O** 

-5« 

-10* 

-15*» 

-20* 

0  h 

0" 

05" 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

2 

03 

07 

13 

18 

24 

30 

36 

44 

52 

3 

06 

13 

18 

24 

30 

36 

44 

52 

1'02 

4 

17 

22 

28 

35 

42 

50 

I'OO 

I'll 

1  26 

5 

30 

47 

67 

1'07 

1'20 

1'37 

2  00 

2  32 

3  25 

For  Latitude  30*. 


Oh 

10" 

15" 

21" 

27" 

33" 

40" 

48" 

57' 

V  08" 

2 

14 

19 

25 

31 

38 

46 

54 

ro5 

1  18 

3 

20 

26 

32 

39 

47 

55 

1'06 

1  19 

1  36 

4 

32 

39 

46 

52 

r  06 

r  19 

1  35 

1  57 

2  29 

5 

I'OO 

r  10 

1'24 

r52 

2  07 

2  44 

3  46 

5  43 

13  06 

For  Latitude  40", 


0  h 

21" 

27" 

33" 

40" 

48" 

57" 

1'  08" 

1'  21" 

r39* 

2 

25 

32 

39 

46 

52 

1'06 

1  19 

1  35 

1  57 

3 

33 

40 

48 

57 

1'08 

1  21 

1  38 

2  02 

2  36 

4 

47 

55 

1'  06 

V  19 

1  36 

1  58 

2  30 

3  21 

4  59 

5 

1'  15 

1'31 

1  51 

2  20 

3  05 

4  25 

7  34 

25  18 

For  Latitude  50°. 


0  }. 

33" 

40" 

48" 

57" 

V  08'- 

r  21" 

1'39" 

2'  02" 

2'  36" 

2 

38 

46 

55 

r  06 

1  18 

1  35 

1  57 

2  28 

3  19 

3 

47 

56 

1'06 

1  19 

1  36 

2  29 

2  31 

3  23 

5  02 

4 

1'02 

1'  14 

1  29 

1  48 

2  16 

2  58 

4  18 

6  59 

19  47 

5 

1  30 

1  51 

2  19 

3  04 

4  22 

7  28 

24  10 

For  Latitude  60°. 

Oh 
2 

3 

J. 

5 

48" 

54 

1'03 

1  18 

1  45 

67" 
1'04 
1  15 

1  34 

2  11 

1'  08" 
1  17 
1  30 

1  56 

2  60 

r  21" 
1  33 

1  51 

2  28 

3  57 

r  39" 

1  54 

2  20 

3  18 
6  21 

2'  02" 

2  24 

3  04 

4  50 
15  32 

2'  36" 

3  12 

4  24 
8  53 

3'  33" 
4  38 
7  31 

5' 23" 
8  15 
24  44 

350  TABLE  VIII. 

DECIMALS  OF  A  FOOT  FOR  EACH  32D  OF  AN  INCH. 


In.       0        1        3        3        4        5        fl        T        8        9       10      11      la- 


0 

1-^ 

1-itf 

1-S 

3  It! 
7-a3 

1-4 
9  33 
6-lB 

3-H 
iaa2 

15-^ 

1-3 
17-a3 

19^33 
5^ 
SI -33 
U-lfl 


13- 1  (J 


15-lfl 
31  ^3 


Foot 
.OOStfl 
.0063 
.OOTM 

.OltVl 

.oiafi! 

-Ojyaj 

.0308 

ma: 

.{1313, 
.03«5l 


.0417 
,0443 

,oi9ri 

.0531 

.05471 


Ami, 

.oor:' 

.07lti| 
,07.'i5 

.0607 


OSfift 


,1861 
.11103 
.1719 

,09111.174,1 
.0038  .1771 


am 

1016 

1<M3 

1008 

Km 


A79\ 
.1S33 
,18-19 

.I87r; 
jyoi 

.1^7 

.105a 

.ifi79 


J 173  .3005 
1198  .3031 
.1:^;.2057 

.1250'.  308.'? 
.1370  .2109 
.Vii]ti  ,s;i3G 
.1338  ,3101 
.i;i54  .3J8H 

.l.W(];.!*;i4 

.1400',  SilO 
.  14331.  SS^ 

J45fil.S39S 
.1484  .SS18 
.1510  .^34* 
.l.'>^.^370 
.15tiS  .339« 
.l.'itffl;.^M33 
.lOlfy  .J*41B 
4ft41,.iM74 


SSOO  ,3333 
.353ft|.33MJ 
25531.3385 
S'^^78.^1i: 

,a004.,  3.188 
.3030.3464 
.3050  .3^yo 
.3083.3510 
.3708 '.3543 
.37^^.3508 
.37(jO  ,3504 

.3813  ,3M5 
3830.301^J 
.SSerjl  .3(308 
.3«S>1^.37:^ 

,3917,3750 
.3»43l  .^770 
,m)ii  ,3*«3; 
.3905..  38381 
.3031  ,3854. 
.  30471.3^*0; 
.3073!,300e 
.30901  .I^J33| 

.3ir>l'.39H4. 
.31771.4010, 
.a^i.403«! 

.$i30;.J0fj.'i' 
.3^1    4ii:> 

.33(y;;.4!4l 


,41fi7  .5000 

,4193  .fioaii 

.431^1 .5tri3, 
,4345  ..^J78| 
.1271  .5104; 
.4307.51301 
.43331.5150 
,4349  ,518^ 
.4375!.530f? 
.4401u5^ti4 
,4437  ,53150 
.4453.5380 
,4479  ,5313 
.4505!  5339 

.4557^.5301 

.4583L54I7 
.  4609.  r>4 13 
.4035Lf>lO(t 
.4^101  ,M5 

.41588  .5531' 
.4714  ,5rr47j 
.4740  .5573| 
,47fl0!.5r,Sli9 

,47021,5035! 

.^isieLfjaii 

.  4844  L  5077. 
.4870!.5703" 

.TjTHI 

,58071 


,3833  ,61367 

.5885  ,0719 
..^11  ,074j1 
,5938  .Oni 
.5961  ,0797 
.5&00L6e33 
.0010,,e&40 

.  60-13  LoS75 
,tK}O8L0[Kn 
.6001  .0937 
.OmJ  .0953 
.6140!. mi70 
,017^^1,7005 
Mm  .7ffi^l 
.0334  ,7057 


.6350 
.tS3^rt 
.6303 

.6354 


.7083 

,7lE/9, 
.7185 
,7101 

.7188 


03W0  ,7314 


.04^)0 
.6433 


7*340] 

7380 


,7600;  .8333 
.7530!  .8350 
.7553!  .8385 
.7578  .!mi 
.7504. 8438 
.7030  .m4' 
.70561 .8490 
,7t)Ka'  S510 

.rmS  .8543 
.7734!  .8568 
.77100]  .8504, 
.7786  .8690 
.7813.8640 
,78391.^78 
.^W15l  .8608 
,78911.8734 
.7OI7I.875O 
,7TM3  .8770; 
.7009,  .8803. 
.7905!  ,8828 
.80311 . 8854  i 
,3047^.8881^' 
.8073  .8906 
,9099,  .8933, 


.^481>H| 
.41^3^' 
A'MH 
.4SJ74 


6458  TSeQl 
6484' .M^1«' 

65in|  7:m 

6534j.  .7.-570 
656^  .7>yM> 
0589  ,74^ 


6641 


7448 
7474 


RI.M  ,8fl84: 
HI  77  .9010 
S'JiJ,'^  ,90(30 
K3^^5^  .9063 
H355  .0089' 
Bi^l  .9115: 
M307  .9141 


10 


,9167 
,9193 
,9319 

,sm5 

,U371 
,9397 

.0349 

,9375 
.&401 

.smr 

,0458 
.&470 
.0505 
.9531 

,0557 

.9583 

.0636 

,9661 

.0714 
,3740 
a766 

.0793 

,9«18 
9844 
!9870 

,s*89e 

.0933 

,0W8 
.9974 


11 


(V 

1^32 

1-16 

5-aa 

7^ 

14 

0^33 

5^16 
11^^ 

rir.8 
13^32 

7-10 
1^^ 

1-2 
17-^^ 

0-10 
10-33 

58 
31 -,33- 
11-16 

a-4 

3rj^33 
13-16 
37-33 

7-8 
30^a3 

.Vlfl 

31 -a3 


TABLE  IX. 

REDaCTION  OF  INCLINED  DISTANCES  TO  THE  HORIZONTAL. 

Inclined  Distance  =  100  feet. 


Slope. 

Correction. 

Horizontal 
Distance. 

Slope. 

Correction. 

Horizontal 
Distance. 

0«»    00' 
30 

100.000 
99.996 

S'OO' 
30 

0.973 
1.098 

99.027 
98.903 

0.001 

1      00 

0.015 

99.985 

9    00 

1.231 

98.769 

80 

0.034 

99.966 

80 

1.371 

98.629 

2     00 

0.061 

99.939 

10    00 

1.519 

98.481 

80 

0.095 

99.905 

30 

1.675 

98.325 

3     00 

0.137 

99.863 

11    00 

1.837 

98.163 

80 

0.187 

99.813 

30 

2.008 

97.992 

4      00 

0.244 

99.756 

12    00 

2.185 

97.814 

80 

0.308 

99.692 

30 

2.370 

97.680 

5      00 

0.381 

99.619 

13    00 

2.663 

97.487 

30 

0.460 

99.540 

30 

2.763 

97.287 

6      00 

0.548 

99.4.53 

14    00 

2.970 

97.030 

80 

0.648 

99.357 

30 

3.185 

96.815 

7      00 

0.745 

99.355 

15    00 

3  407 

96.593 

80 

0.856 

99.144 

30 

3.637 

96.368 

Table  X. 

BEDUCTION  OF  STADIA  KEADING8 

TO 
HORIZONTAL  DISTANCES 

AND  TO 

DIFFERENCES  OF  ELEVATION. 


This  tatAe  was  computed  by  Professor  Arthur  WinaklW* 
State  Oeologist  of  MissoorL 
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TABLES. 


Table  X. 

STADIA  REDUCTIONS  FOR  READING  100. 


0 

> 

1 

** 

2 

o 

8 

Minutes 

iMXMMlk%M  UVO« 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

c 

100.00 

""^ 

99.97 

1.74 

99.88 

3.49 

99.73 

"s^ 

2 

.06 

•* 

1.80 

99.87 

3.55 

99.7-J 

6.28 

4 

«4 

.12 

** 

1.86 

** 

3.60 

99.71 

5.34 

9 

«« 

.17 

99.96 

1.92 

*» 

8.66 

(t 

5.40 

8 

•• 

.23 

1.98 

99.86 

8.72 

99.70 

6.46 

10 

(C 

.29 

t( 

2.04 

** 

8.78 

99.69 

5.52 

IS 

M 

.85 

« 

2.09 

99.85 

8.84 

*t 

5.57 

14 

«t 

.41 

99.95 

2.15 

8.90 

99.68 

5.63 

16 

«( 

.47 

** 

2.21 

99.84 

8.95 

** 

5.69 

18 

tt 

.62 

»* 

2.27 

(* 

4.01 

99.67 

6.75 

20 

«i 

.58 

** 

2.33 

99.88 

4.07 

99.66 

6.80 

22 

«t 

.64 

99.94 

2.38 

u 

4.13 

41 

6.86 

24 

(( 

.70 

** 

2.44 

99.82 

4.18 

99.65 

6.92 

26 

99.99 

.76 

*» 

2.50 

4.24 

99.64 

5.98 

28 

»* 

.81 

99.93 

2.56 

99.81 

4.30 

99.63 

6.04 

80 

ti 

.87 

2.62 

4.36 

44 

6.09 

82 

«« 

.93 

t( 

2.67 

99.80 

4.42 

99.62 

6.15 

84 

w 

.99 

ti 

2.73 

♦* 

4.48 

•' 

6.21 

86 

«« 

1.05 

99.92 

2.79 

99.79 

4.53 

99.61 

6.27 

88 

c« 

l.U 

*♦ 

2.85 

'♦ 

4.59 

99.60 

6.38 

40 

u 

1.16 

** 

2.91 

99.78 

4.65 

99.59 

6.38 

42 

l« 

1.22 

99.91 

2.97 

(4 

4.71 

44 

6.44 

44 

99.98 

1.28 

8.02 

99.77 

4.76 

99.58 

6.50 

46 

** 

1.34 

99.90 

3.08 

4.82 

99.57 

6.66 

48 

»t 

1.40 

3.14 

99.76 

4.88 

99.56 

6.61 

60 

** 

1.45 

** 

8.20 

** 

4.94 

44 

6.67 

62 

«i 

1.51 

99.89 

8.26 

99.75 

4.99 

99.65 

6.78 

64 

♦* 

1.57 

ti 

3.31 

99.74 

5.05 

99.54 

6.78 

66 

99.97 

1.63 

<( 

3.87 

" 

5.11 

99.53 

6.84 

68 

1.69 

99.88 

3.43 

99.78 

6.17 

99.52 

6.90 

60 

** 

1.74 

3.49 

5.23 

99.51 

6.96 

c+/=    .76 

.75 

.01 

.75 

.02 

.75 

""^ 

.75 

.05 

c--/=1.00 

1.00 

.01 

1.00 

.03 

1.00 

.04 

1.00 

.06 

C+/=1.26 

1.25 

.02 

1.25 

.08 

1.25 

.05 

1.25 

.06 
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Tablb  X 

BTADIA   RBDUCTIONS  FOB  BBADIKO  lOOl 


4 

0 

6 

o 

€ 

o 

7 

o 

Minutes. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Mev. 

Dist. 

Eley. 

Dist. 

Elev. 

C 

99.51 

6.96 

99.24 

8.68 

98.91 

lolo" 

98.51 

12.10 

8 

7.03 

99.23 

8.74 

98.90 

10.45 

98.50 

12.15 

4 

99.50 

7.07 

99.22 

8.80 

98.88 

10.51 

98.48 

12.21 

6 

99.49 

7.18 

99.21 

8.86 

98.87 

10.57 

98.47 

12.26 

8 

99.48 

7.19 

99.20 

8.91 

98.86 

10  62 

98.46 

12.32 

10 

99.47 

7.25 

99.19 

8.97 

98.85 

10.68 

96.44 

12.88 

18 

99.46 

7.80 

99.18 

9.03 

96.83 

10.74 

98.48 

12.48 

14 

** 

7.86 

99.17 

9.08 

98.82 

10.79 

98.41 

12.49 

16 

99.45 

7.42 

99.16 

9.14 

96.81 

10.85 

96.40 

12.55 

18 

99.44 

7.48 

99.15 

9.20 

98.80 

10.91 

98.89 

12.60 

20 

99.48 

7.58 

99.14 

9.25 

98.78 

10.96 

98.87 

12.66 

28 

99.42 

7.69 

99.18 

9.81 

98.77 

11.08 

98.86 

12.72 

24 

99.41 

7.65 

99.11 

9.87 

98.76 

11.08 

96.34 

12.77 

26 

99.40 

7.71 

99.10 

9.48 

98.74 

31.18 

98.38 

12.88 

28 

99.39 

7.76 

09.09 

9.48 

98.73 

11.19 

98.81 

12.88 

80 

99.88 

7.82 

99.06 

9.54 

98.72 

11.25 

98.29 

12.94 

88 

99.88 

7.88 

99.07 

9.60 

98.71 

11.80 

98.28 

18.00 

84 

99.87 

7.94 

99.06 

9.66 

96.69 

11.86 

98.27 

18.06 

86 

99.86 

7.99 

99.05 

9.71 

98.68 

11.42 

98.25 

18.11 

88 

99.35 

8.05 

99.04 

9.77 

98.67 

11.47 

98.24 

18.17 

40 

99.34 

8.11 

99.08 

9.83 

98.65 

11.58 

96.23 

18.22 

48 

99..38 

8.17 

99.01 

9.88 

98.64 

11.59 

98.20 

18.28 

44 

99.82 

8.22 

99.00 

9.94 

98.63 

11.64 

98.19 

18.38 

'  46 

99.81 

8.28 

98.99 

10.00 

98.61 

11.70 

98.17 

18.39 

48 

99.80 

8.84 

98.98 

10.05 

98.60 

11.76 

98.16 

13.45 

60 

99.29 

8.40 

98.97 

10.11 

98.58 

11.81 

98.14 

13.50 

S2 

99.28 

8.45 

98.96 

10.17 

98.57 

11.87 

98.18 

18.56 

54 

99.27 

8.51 

98.94 

10.22 

98.56 

11.93 

98.11 

13.61 

56 

99.26 

8.57 

98.93 

10.28 

98.54 

11.98 

98.10 

13.67 

68 

99.25 

8.63 

98.92 

10.84 

98.53 

12.04 

98.08 

18.73 

60 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

98.06 

18.78 

c4-/=    .75 

.75 

.06 

.75 

.07 

.75 

.06 

.74 

.10 

c--y=:1.00 

1.00 

.03 

.99 

.09 

.99 

.11 

.99 

.18 

c  +  /=1.85 

1.25 

.10 

1.24 

.11 

1.24 

.14 

1.24 

.16 
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TABLES. 


Tablb  X. 

BTABIA   BBDUCTIONS  FOR  BBADINO  lOOl 


8 

o 

9 

o 

10° 

u-     1 

Minutes. 

Hor. 

Diflf. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

C 

9S.06 

18.78 

97.65 

Isls" 

96.98 

17.10 

96.36 

18.73 

2 

98.05 

18.84 

97.58 

15.51 

96.96 

17.16 

96  84 

18.78 

4 

98.08 

13.89 

97.52 

15.56 

96.94 

17.21 

96.32 

18.84 

6 

98.01 

13.95 

97.50 

15.62 

96.92 

17.26 

96.29 

18.89 

8 

98.00 

14.01 

97.48 

15.67 

96.90 

17.82 

96.27 

18.95 

10 

97.98 

14.06 

97.46 

15.78 

96.88 

17.87 

96.25 

19.00 

18 

97.97 

14.12 

97.44 

15.78 

96.86 

17.48 

96.28 

19.05 

14 

97.95 

14.17 

97.43 

15.84 

96.84 

17.48 

96.21 

19.11 

16 

97.93 

14.23 

97.41 

15.89 

96.82 

17.54 

96.18 

19.16 

18 

97.92 

14.28 

97.39 

15.95 

96.80 

17.59 

96.16 

19.21 

20 

97.90 

14.84 

97.87 

16.00 

96.78 

17.65 

96.14 

19.27 

38 

97.88 

14.40 

§7.85 

16.06 

96.76 

17.70 

96.12 

19.32 

d4 

97.87 

14.45 

9r.33 

16.11 

96.74 

17.76 

96.09 

19.38 

26 

97^ 
97JB3 

14.51 

97.31 

16.17 

96.72 

17.81 

96.07 

19.43 

28 

14.66 

97.29 

16.22 

96.70 

17.86 

96.05 

19.48 

80 

97.82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.08 

19.54 

82 

97.80 

14.67 

97.26 

16.83 

96.66 

17.97 

96.00 

19.59 

84 

97.78 

14.78 

97.24 

16.39 

96.64 

18.08 

95.98 

19.64 

86 

9r.76 

14.79 

97.22 

16.44 

96.62 

18.08 

95.96 

19.70 

88 

97.75 

14.84 

97.20 

16.50 

96.60 

18.14 

95.98 

19.75 

40 

97.78 

14.90 

97.18 

16.56 

96.57 

18.19 

95.91 

19.80 

42 

97.71 

14.95 

97.16 

16.61 

96.55 

18.24 

95.89 

19.86 

44 

97.69 

15.01 

97.14 

16.66 

96.53 

18.30 

95.86 

19.9J 

46 

97.68 

15.06 

97.12 

16.72 

96.51 

18.85 

95.84 

19.96 

48 

97.66 

15.12 

97.10 

16.77 

96.49 

18.41 

95.82 

20.02 

50 

97.64 

15.17 

97.08 

16.83 

96.47 

18.46 

95.79 

20.07 

52 

97.62 

15.23 

97.06 

16.88 

96.45 

18.61 

95.77 

20.12 

54 

97.61 

15.28 

97.04 

16.94 

96.42 

18.57 

95.75 

20.18 

56 

97.59 

15.34 

97.02 

16.99 

96.40 

18.62 

95.72 

20.28 

58 

97.57 

15.40 

97.00 

17.05 

96.38 

18.68 

95.70 

20.28 

60 

97.55 

15.45 

96.98 

17.10 

96.86 

18.78 

95.68 

20.34 

c4./=    .75 
c  4-/ =  1.00 

.74 

.11 

.74 

.12 

Ti 

.14 

.78 

.16 

.99 

.15 

.09 

.16 

.98 

.18 

.98 

.30 

C+/=l .» 

1.28 

,18 

1.28 

.21 

1.28 

.28 

1.23 

.36 
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Tablb  X. 

STADIA  REDUCTIONS  FOR  RBADIKG  lOOl 


12** 

ir 

14- 

w 

Minutes. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

DIst. 

Elev. 

Diet. 

Elev. 

Dist. 

Elev. 

C 

95.68 

20.84 

94.94 

21.92 

04.15 

23.47 

93.80 

25.00 

2 

95.65 

20.39 

94.91 

21.97 

94.12 

28.52 

93.27 

25.05 

4 

95.63 

20.44 

94.89 

22.08 

94.09 

23.58 

93.24 

25.10 

6 

95.61 

20.50 

94.86 

22.08 

94  07 

23.68 

93.21 

25.15 

8 

95-58 

20.55 

94.84 

2:i.l3 

94.04 

23.68 

93.18 

25.20 

10 

96.56 

20.60 

94.81 

22.18 

94.01 

23.78 

93.16 

25.25 

18 

05.53 

20.66 

94.79 

22.23 

93  98 

23.78 

93.13 

25.30 

14 

C5.51 

20.71 

94.76 

22.28 

98.95 

23.88 

98.10 

25.35 

16 

95.49 

20.76 

94.73 

22.34 

93.93 

23.88 

93.07 

25.40 

18 

95.46 

20.81 

94.71 

22.39 

93.90 

23.93 

93.04 

25.45 

ao 

95.44 

20.87 

94.68 

22.44 

98.87 

28.99 

93.01 

25.50 

23 

95.41 

20.92 

94.66 

22.49 

93.84 

24.04 

92.98 

25.55 

24 

96.39 

20.97 

94.63 

22.54 

93.81 

24.09 

92.96 

25.60 

26 

95.86 

21.08 

94.60 

22.60 

93.79 

24.14 

92.92 

25.65 

28 

95.34 

21.06 

94.58 

22.65 

93.76 

24.19 

92.89 

25.70 

80 

95.32 

21.18 

94.55 

22.70 

93.78 

24.24 

92.86 

26.75 

82 

95.29 

21.18 

94.52 

22.75 

93.70 

24.29 

92  88 

25.80 

84 

95.27 

21.24 

94.50 

22.80 

93.67 

24.34 

92.80 

25  85 

86 

95.24 

21.29 

94.47 

28.85 

93.65 

24.89 

92.77 

25.90 

88 

95.22 

21  84 

94.44 

22.91 

93.62 

24.44 

92.74 

25.95 

40 

95.19 

21.89 

94.42 

22.96 

93.59 

24.49 

92.71 

26.00 

42 

95.17 

21.45 

94.89 

28.01 

98.56 

24.56 

92  68 

26.06 

44 

95.14 

21.50 

94.36 

28.06 

93.53 

24.60 

92.65 

26.10 

46 

95.12 

21.55 

94.34 

28.11 

96.50 

24.65 

98.62 

26.15 

48 

95.09 

21.60 

94.81 

23.16 

93.47 

24.70 

92.59 

26.20 

60 

95.07 

21.66 

94.28 

23.22 

93.46 

34.75 

92.56 

26.25 

52 

95.04 

21.71 

94.26 

28.27 

93.42 

24.80 

92.58 

26.30 

64 

96.02 

21.76 

94.28 

23.38 

93.39 

24.85 

92.40 

26.85 

66 

94.99 

21.81 

94.20 

28.37 

93.36 

24.90 

92.46 

26.40 

58 

94.97 

21.87 

94.17 

23.48 

93.33 

24.95 

92.48 

26.45 

,60 

94.94 

21.93 

94.16 

23.47 

93.30 

25.00 

92.40 

26.50 

C+/=    .75 

.73 

.16 

.73 

.17 

.73 

.19 

.72 

.20 

C4-/=1.00 
C+/=1.26 

.96 

.22 

.97 

.28 

.97 

.26 

.96 

.27 

1.22 

.27 

1.21 

.29 

1.21 

.81 

1.20 

.84 
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TABLES. 


Tabub  Z. 

WtkVlUL  RBDUCnONS  FOB  BBADINO  100. 


16' 

17' 

18' 

19' 

Minute*. 

Hor. 

DIff. 

Hor. 

Diff. 

Hor. 

Ditf. 

H.ir. 

Diir. 

Diet. 

Elev. 

Dist. 

Elev. 

Diet. 

Elev. 

Dist. 

Elev. 

C 

d3.40 

26.60 

91.45 

27.96 

90.45 

89.39 

89.40 

80.78 

S 

98.87 

26.55 

91.42 

28.01 

90.42 

29.44 

89  86 

30.88 

4 

92.84 

26.59 

91.39 

28.06 

90.38 

29.48 

89.83 

80.87 

6 

92.81 

26.64 

91.35 

28.10 

90.35 

20.53 

80.89 

80.92 

8 

02.28 

26.69 

91.32 

28.15 

90.31 

29.58 

80.96 

30.97 

10 

92.25 

26.74 

91.29 

28.20 

90.88 

80.68 

89.83 

81.01 

19 

92.23 

26.79 

91.86 

38.25 

90.24 

99.67 

89.18 

81.06 

14 

92.19 

26.84 

91.23 

28.30 

90.81 

29  72 

80.15 

81.10 

16 

92.15 

26.89 

91.19 

38.34 

90.18 

89. 76 

89.11 

31.15 

18 

92.12 

26.94 

91.16 

38.39 

90.14 

39.81 

89.06 

31.19 

20 

92.09 

26.99 

91.13 

28.44 

00.11 

30.86 

89.04 

31.34 

» 

92.06 

27.04 

91.09 

26.49 

90.07 

39.90 

89.00 

81.28 

H 

92.03 

27.09 

91.06 

28.54 

90.04 

29.96 

88.96 

81.88 

96 

92.00 

27.18 

91.0-V 

28.58 

90.00 

80.00 

88.98 

31.38 

S8 

91.97 

27.18 

90.99 

38.63 

89.97 

30.04 

88.89 

81.42 

ao 

91.93 

27.28 

90.96 

28.68 

80.93 

80.09 

88.86 

81.47 

83 

91.90 

37.28 

90.93 

88.78 

89.90 

80.14 

88.83 

31.5) 

84 

91.87 

27.83 

90.89 

28.77 

80.86 

80.19 

88.78 

31.56 

86 

91.84 

27.38 

90.S6 

28.82 

89.83 

80.28 

88.75 

31.60 

88 

91.81 

27.43 

90.82 

28.87 

89.79 

80.28 

88.71 

31.65 

40 

91.77 

37.48 

90.79 

38.92 

89.76 

80.32 

88.67 

81.69 

43 

91.74 

27.52 

90.76 

28.96 

89.73 

80.87 

88.64 

81.74 

44 

91.71 

27.57 

90.73 

89.01 

80.69 

30.41 

88.60 

81.78 

46 

91.68 

37.62 

90.69 

39.06 

89.65 

30.46 

88.50 

81.88 

48 

91.65 

37.67 

90.66 

39.11 

89.61 
89.58 

30.51 

88.58 

31.87 

00 

91.61 

37.72 

90.62 

39.15 

80.55 

88.49 

81.93 

68 

91.58 

37.77 

90.50 

39.20 

89.54 

80.60 

88.46 

81.96 

64 

91.55 

87.81 

90.55 

39.25 

89.51 

80.65 

88.41 

32.01 

66 

91.52 

27.86 

90.52 

89.30 

89.47 

80.69 

88.88 

82.06 

68 

91.48 

37.91 

90.48 

39.34 

89.44 

80.74 

88.84 

82.09 

60 

91.45 

37.96 

90.45 

39.39 

89.40 

30.78 

88.80 

82.14 

c  +  /=    .75 

.72 

.21 

.72 

.23 

.71 

.34 

.71 

.25 

c--/«1.00 

.96 

.38 

.95 

.80 

.95 

.82 

.94 

.83 

c4-7=1.85 

1.20 

.86 

1.19 

.38 

1.19 

.40 

i.« 

.43 
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Table  X. 

STADIA  KKDUCTIONS  FOR  READING  1(KK 


80" 

ar 

22" 

28" 

Hor. 

Diflf. 

Hor. 

Diflf. 

Hor. 

Diflf. 

Hor. 

Diflf. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

c 

88.30 

82.14 

87.16 

"83l6~ 

85.97 

~MS3 

84.78 

86.97 

2 

88.26 

32.18 

87.12 

88.50 

85.93 

34.77 

84.69 

36.01 

4 

88.23 

82.23 

87.08 

83.54 

85.89 

34.82 

84.65 

36.05 

6 

88.19 

82.27 

87.04 

83.59 

85.85 

84.86 

84.61 

36.09 

8 

^.15 

82.32 

87.00 

83.63 

85.80 

34  90 

84.57 

36.13 

10 

88.11 

82.86 

86.96 

83.67 

85.76 

34.94 

84.52 

86.17 

13 

68.08 

82.41 

86.92 

83.72 

85.72 

84.98 

84.48 

36.21 

14 

88.04 

82.45 

86.88 

33.76 

85.68 

35.02 

84.44 

86.25 

16 

88.00 

32.49 

86.84 

83.80 

85.64 

35.07 

84.40 

36.29 

IS 

87.96 

82.54 

86.80 

83.84 

85.60 

85.11 

84.35 

86.33 

20 

87.98 

82.58 

86.77 

83.89 

85.66 

35.15 

84.31 

36.87 

2S 

87.89 

82.63 

86.73 

.83.93 

&'S.52 

85.19 

84.27 

36.41 

24 

87.85 

82.67 

86.69 

83.97 

85.48 

85.23 

84.2.1 

36.45 

S6 

87,81 

82.72 

86.65 

84.01 

85.44 

85.iJ7 

84.18 

36.49 

iA 

87.77 

82.76 

86.61 

84.06 

85.40 

85.81 

84.14 

36.53 

SO 

87.74 

82.80 

86.67 

34.10 

85.86 

85  86 

84.10 

36.57 

3S 

87.70 

32.85 

86.53 

34.14 

85.81 

35.40 

84.06 

36.61 

34 

87.66 

82.89 

86.49 

84.18 

a5.27 

85.44 

84.01 

36.65 

8S 

87.62 

82.93 

86.45 

34.23 

85.23 

85.48 

83.97 

36.69 

88 

87.58 

32.98 

86.41 

84.27 

85.19 

85.62 

83.9$ 

36.73 

40 

87.64 

33.02 

86.37 

84.81 

85.15 

85.66 

83.89 

36.77 

4S 

87.61 

88.07 

86.83 

34.85 

85.11 

85.60 

83.84 

36.80 

H 

87.47 

33.11 

86.29 

34.40 

85.07 

a5.64 

83.80 

86.84 

87.43 

83.15 

86.25 

84.44 

a5.o-,' 

85.68 

83.76 

86.88 

48 

87.39 

83.20 

86  n 

84.48 

84.98 

a5.72 

83.72 

36.92 

60 

87.35 

83.24 

86.17 

84.52 

84.94 

85.76 

83.67 

36.96 

58 

87.81 

83.28 

86.13 

84  57 

84.90 

.S5.80 

83.63 

37.00 

64 

87.27 

88.83 

86.09 

84.61 

84.86 

35.85 

83.59 

37.04 

6« 

87.24 

38.87 

86.05 

84.65 

84.82 

85.89 

83.54 

37.08 

68 

87.20 

33.41 

86.01 

84.69 

84.77 

&5.93 

8:3.50 

37.12 

60 

87.16 

83.46 

85.97 

84.73 

84.73 

85.97 

83.46 

87.16 

c+/=    .75 

.70 

.26 

.70 

.27 

.69 

riT 

.69 

lo" 

C--/=i:1.00 

.94 

.35 

.93 

.37 

.92 

.38 

.02 

.40 

o4-/=3.e5 

1.17 

.44 

1.16 

.46 

1.15 

.48 

1.15 

.60 
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TABLES. 


Tablb  X. 

8TADIA  BBDUCTIONS  FOB  READING  100. 


24** 

26° 

26** 

27**        ! 

Minutes. 

Hor. 

Diflf. 

Hor. 

Diflf. 

Hor. 

Diflf. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

(K 

83.46 

87.16 

82.14 

38.80 

80.78 

39.40 

79.39 

40.45 

2 

83.41 

37.20 

82.09 

88.34 

80.74 

39.44 

79.34 

40.49 

4 

83.87 

37.23 

82.05 

38.38 

80.69 

89.47 

79.30 

40.52 

6 

88.83 

37.27 

82.01 

38.41 

80.65 

39.51 

79.25 

40.55 

8 

83.28 

37.81 

81.96 

88.45 

80.60 

89.54 

79.20 

40.59 

10 

83.24 

37.35 

81.92 

88.49 

80.55 

89.58 

79.15 

40.62 

12 

83.20 

87.39 

81.87 

38.53 

80.51 

89.61 

79.11 

40.66 

14 

83.15 

37.43 

81.86 

88.56 

80.46 

39.65 

79.06 

40.69 

16 

83.11 

87.47 

81.78 

38  60 

80.41 

39.69 

79.01 

40.72 

18 

83.07 

37.51 

81.74 

88.64 

80.37 

39.72 

78.96 

40.76 

20 

83.02 

87.64 

81.69 

38.67 

80.32 

89.76 

78.92 

40.79 

22 

82.98 

87.58 

81.65 

88.71 

80.28 

89.79 

78.87 

40.82 

24 

82.93 

87.62 

81.60 

88.75 

80.23 

39.83 

78.82 

40.86 

26 

82.89 

87.66 

81.56 

88.78 

80.18 

39.86 

78.77 

40.89 

28 

82.85 

37.70 

81.51 

88.82 

80.14 

39.90 

78.73 

40.92 

80 

82.80 

87.74 

81.47 

88.86 

80.09 

39.93 

78.68 

40.96 

32 

82.76 

87.77 

81.42 

88.89 

80.04 

89.97 

78.63 

40.99 

84 

82.72 

37.81 

81.38 

38.93 

80.00 

40.00 

78.58 

41.02 

86 

82.67 

87.85 

81.83 

38.97 

79.95 

40.04 

78.54 

41.06 

38 

82.63 

87.89 

81.28 

89.00 

79.90 

40.07 

78.49 

41.09 

40 

82.58 

87.93 

81.24 

89.04 

79.86 

40.11 

78.44 

41.12 

42 

82.54 

87.96 

81.19 

89.08 

79.81 

40.14 

78.39 

41.16 

44 

82.49 

38.00 

81.15 

89.11 

79.76 

40.18 

78.34 

41.19 

46 

82.45 

88.04 

81.10 

89.15 

79.72 

40.21 

78.30 

41.22 

48 

82.41 

38.08 

81.06 

39.18 

79.67 

40.24 

78.25 

41.26 

60 

82.36 

88.11 

81.01 

89.22 

79.62 

40.28 

78.20 

41.29 

62 

82.82 

88.15 

80.97 

89.26 

79.58 

40.31 

78.15 

41.82 

54 

82.27 

38.19 

80.92 

89.29 

79.53 

40.35 

78.10 

41.35 

56 

82.23 

88.28 

80.87 

89.33 

79.48 

40.38 

78.06 

41.39 

58 

82.18 

88.26 

80.83 

89.36 

79.44 

40.42 

78.01 

41.42 

60 

82.14 

88.30 

80.78 

89.40 

79.89 

40.45 

77.96 

41.45 

c  +  /=    .75 

.68 

.81 

.68 

.82 

.67 

.83 

.66 

.85 

c+/=  1.00 

.91 

.41 

.90 

.48 

.89 

.46 

.89 

.46 

c+/=1.25 

1.14 

.62 

1.18 

.64 

1.12 

.56 

1.11 

.66 

TABLE  XI.— MINUTES  IN  DECIMALS  OF  A  DEGREE.  659 


0 

1 
2 
8 
4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 


27 


80 

81 
32 
88 
84 
86 
86 
37 
88 
89 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

61 
62 
58 
54 
66 
56 
67 
58 


.00000 
.01667 


.06000 
.06667 


.10000 
.11667 


.16000 
.16667 

.18333 
.20000 
.21667 


.25000 


.30000 
.81667 


.35000 
.36667 


.40000 
.41667 


.45000 
.46667 


.60000 
.61667 


.55000 
.56667 


.60000 
.61667 


.65000 


.70000 
.71667 
.78838 
.75000 
.76667 
.78838 
.80000 
.81667 


.85000 


.90000 
.91667 


.96000 
.96667 


10" 


.00278 
.01944 
.03611 
.05278 
.06944 
.08611 
.10278 
.11944 
.13611 
.15278 
.16944 

.18611 
.20278 
.21944 
.23611 
.25278 
.26944 
.28611 
.30278 
.31944 
.&3611 

.85278 
.86944 
.88611 
.40278 
.41944 
.43611 
.45278 
.46944 
.48611 
.50278 

.51944 
.63611 
.55278 
.56944 
.58611 
.60278 
.61944 
.63611 
.65278 
.66944 

.68611 
.70278 
.71944 
.78611 
.75278 
.76944 
.78611 
.80278 
.81944 
.83611 

.85278 


.88611 
.90278 
.91944 
.93611 
.95278 


.96611 


lO- 


16' 


.00417 
.02083 
.03750 
.05417 
.07063 
.06750 
.10417 
.12083 
.13750 
.16417 
.17083 

.18750 
.20417 


.23750 
.25417 
.27083 
.28r50 
.30417 


.33750 

.35417 
.37083 
.38750 
.40417 


.48750 
.45417 
.47083 
.48750 
.50417 


.63750 
.65417 
.67083 
.68750 
.60417 
.62083 
.63750 
.66417 
.67063 

.68750 
.70417 
.72083 
.73750 
.76417 
.77063 
.78750 
.80417 


.83750 

.85417 
.87068 
.88750 
.90417 


.98760 
.96417 
.97088 
.96750 

16' 


20- 


.00666 


.05556 
.07222 


.10556 
.12222 


.15656 
.17222 


.20556 


.25556 
.27222 


.30556 


.35556 
.3?2^ 


.40556 


.45556 
.47222 


.60556 


.55556 
.57222 
.58889 
.60556 
.62S22 
.63889 
.65556 


.70556 


.78889 
.75556 
.77222 

.78889 
.80556 


.85566 
.87222 
.88889 
;90556 
.92222 
.93889 
.95666 


20* 


80* 

40- 

46- 

W 

i 

.00633 

.01111 

.01250 

.01389 

0 

.02500 

.02778 

.02917 

.03056 

1 

.04167 

.04444 

.04683 

.04722 

2 

.05833 

.06111 

.06260 

.06389 

3 

.07500 

.07778 

.07917 

.06056 

4 

.09167 

.09444 

.09583 

.09722 

5 

.10633 

.11111 

.11250 

.11389 

6 

.12500 

.12778 

.12917 

.13056 

7 

.14167 

.14444 

.14583 

.14722 

8 

.15833 

.16111 

.16250 

.16889 

9 

.17500 

.17778 

.17917 

.18066 

10 

.19167 

.19444 

.19583 

.19722 

11 

.20633 

.21111 

.21250 

.21389 

12 

.22500 

.22778 

.22917 

.23056 

13 

.24167 

.24444 

.24583 

.24722 

14 

.25833 

.26111 

.26250 

.26389 

15 

.27500 

.27778 

.27917 

.26056 

16 

.29167 

.29444 

.29583 

.29-/22 

17 

.30633 

.31111 

.31250 

.81889 

18 

.32500 

.32778 

.32917 

.83056 

19 

.34167 

.34444 

.84588 

.84722 

20 

.35883 

.36111 

.86250 

.86889 

21 

.37500 

.37778 

.37917 

.38056 

22 

.39167 

.39444 

.39583 

.39722 

23 

.40833 

.41111 

.41250 

.41389 

24 

.42500 

.42778 

.42917 

.43056 

26 

.44167 

dim 

.44583 

.44722 

26 

.45833 

!46111 

.46250 

.46389 

27 

.47500 

.47778 

.47917 

.48056 

28 

.49167 

.49444 

.49583 

.49722 

29 

.60833 

.61111 

.61250 

.61389 

30 

.62500 

.62778 

.62917 

.63056 

31 

.54167 

.64444 

.54583 

.54722 

32 

.55833 

.66111 

.56250 

.66389 

33' 

.67500 

.67778 

.67917 

.68056 

34 

.59167 

.69444 

.69583 

.69722 

35 

.60633 

.61111 

.61250 

.61889 

36 

.62500 

.62778 

.62917 

.68056 

37 

.64167 

.64444 

.64588 

.64722 

88 

.65833 

.66111 

.66250 

.66389 

39 

.67600 

.67778 

.67917 

.68066 

40 

.69167 

.69444 

.69583 

.69722 

41 

.70833 

.71111 

.71250 

.71389 

42 

.72500 

.72778 

.72917 

.73066 

43 

.74167 

.74444 

.74588 

.74722 

44 

.75833 

.76111 

.76250 

.76389 

45 

.77500 

.77778 

.77917 

.78056 

46 

.79167 

.79444 

.79583 

.79722 

47 

.80883 

.81111 

.81250 

.81389 

48 

.82500 

.82778 

.82917 

.83056 

49 

.84167 

.84444 

.84583 

.847^ 

50 

.85833 

86lil 

.86250 

.86389 

51 

.87500 

.87778 

.87917 

.88056 

52 

.89167 

.89444 

.89583 

.89722 

53 

.90833 

.91111 

.91250 

.91389 

54 

.92500 

.92778 

.92917 

.98056 

55 

.94167 

9^^^^ 

.94583 

.94722 

56 

.95833 

!96111 

.96250 

.96889 

57 

.97500 

.97778 

.97917 

.96066 

68 

.99167 

.99444 

.99588 

.99722 

69 

30- 

40- 

46- 

50- 

/ 
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TABLE  Xn. 


CONVEESION  OF  ENGLISH  INCHES  INTO  CENTIMETRB8. 


bis. 

0 

Cm. 

0 

o.ooo 

10 

2,5  40 

SO 

50.80 

SO 

7e.ao 

40 

im.tio 

50 

JSTOQ 

m 

1S1>.40 

TO 

177.80 

so 

soa.30 

m 

328,00 

1(30 

aVLOO 

(Jitl 

2.540 

78.74' 
101.14 

154, y4, 

im  S4 

20fl.74l 


Cm. 
B.OSO 
BO. 4^ 

81  38 

loa.tifl 

lie.  OB 

157,48 
182.88 
306,38 

STift.OB! 


Cm 
7.820 

as. 83 

lOU.iiW 

liH.ea 
itw.o^ 

IBS.. 13 

3131.6: 


Cm. 
lO.ltl 
3fi,56 
CO.Ufl 

m 

]3..1« 

SJ38.7I] 

3C4  1«J 


QtD. 

IJi.TO 
^.10 
03.50 
88.00 
114.30 

iao.70 

365.10 
360.50 
215,90 
1^41.30 
3WJ.70 


Cm. 
15. SI 
40.04 
66.04 
9L4I 
110.84 

107  W 
103.04 
318,44 
:J4M.84 
3f!9  S4 


Cm. 

37. 7L 

4a. IS 

llfl,3S 
144.78 
170,18 
10&.58 

271. 


Cm. 

so.aa 

4^.7;! 
71.12 
96.55£ 


Cm. 
4«,f!6 
W.08 


181,03  134.46 


14T.3S 
172. 7S 
19B.1S 
823.52 
"  9a 


Se34S 


^274! 


149  M 
l?G.n 
SOO.M 

276. tt 


CONVERSION  OF  CENTIMETRES  INTO  ENGUSH  INCHES. 


Cm. 

0 

Iria. 

0 

0.000 

10 

dm: 

20 

7.St74 

80 

11  811 

40 

15.748 

50 

19  (}H5 

00 

23  M^ 

70 

B7.6O0 

80 

31.407 

HO 

35  434 

100 

39.370 

6 


B 


tliS. 

0.394 
4  331 
8.20B 
13.^i05 
lfl.143: 
20.079 
24.010I 
27.B63' 
31.800' 
Hfj.837 
39.7(H 


Ins, 
0,787 
4.742 
8.6«y 
12.599 
16  63i> 
30,473 
S4.410 

3e  3'ji 

40  1!^ 


Ins, 

I.IBI 

BUS 

0.055 

13  Wa 

16. 9:^^ 

20. bd^ 

34  804 

38.741 

33  078 

36  til5 

40  5SU 


lUB. 

1.675 
5.51^ 
9.440 
13.386 
I7.3i3 
21.360 
25,197 
29.134 
33,071 
37.009 
40.945 


Ins, 

1.969 

5.906 

0.843 

13  780 

17, 717 

21  .€54 

^Ml 

29.533 

33.405 


2.363 

6.^ 

10  £36 

14  17^ 

18.111 

32.048 

SS.&8& 

39.022 

33  869 

37.4021 37. 796 

41,339141,733 


In- 
S  ■ 

10,0ju  J 
14  50714 
18.504  '■- 
22  441 
S6.378; 
80.316  30 
34.U53  34 
38.190,38, 
42.ia0;42 


"1. 

-r^^  ii.il8 
96115  365 
8QS19.1 
835,3a,tJ89 
77S,!>7.I« 
709  31.108 
(M0  35  OW 
583  38.977 
Sa0  4S,9H 


CONVERSION  OF  ENGLISH  FEET  INTO  METREa 


Feet. 


0 
10 
20 
30 
40 
BO 
60 
70 
80 

100 


Met. 
0.000 
3.0479 

o.oor^o 

0.143S 
13. 10!^ 
15.E39 
18.CS7 
31.&I5 
B4.383 
27.431 
30.479 


0.8018 
3,3527 

9  4486 
12.40ti 
35.544 

21 .640 
S4.fi8S 
27.736 
30.7^4 


Met. 

9.0O0O 

8.0575 

6.7i>.'i5 

9.7534 

vi.mi 

15.849 
18  M7 
21 .945 
34.9^3 
28,041 
31,080 


0.9114 
3.9633 
7Mm 
10  a=i8 

10,154 
19  2^KJ 
32,250 

25.308 
38,346 
3l.3fH 


Met. 

1.2109 

4,3071 

T.3150 

10.363 

13.411 

16.459 

10,507 

2g.555 

25.00S 

^,651 

31,6081 


Met. 
1  5239 
4.5719 
7,6198, 
10  668, 
13  7llil 
10  763; 
lE^.8ll' 
32.(^9 
ii5.907 
38.955 
3a  003 


Met. 
1.8287 
4.8767 


Met. 
S.1335 
5,1815 
8.2394 
10.97211,277 
14. OSO  14,825 
17  06817.373 
!^,116'90,4^1 
23. 16423. 40d 
2«.SI8  36 
29.SS0  29,6^ 
i3>^.308  32,618 


617  SO 


Met 
3.7481 

s.Tyii 

11.887 
14.^95 
17-*J88 
31.081 
24.07» 

. ST.  126 

29.870!  30. 374 

a£r,gi8!33.t2» 


Met. 
3.4383 
5,4663 
a. £342 
11. 
14.680 
17.678 
80,riO 
28  774 


CONVERSION  OF  METRES  INTO  ENGLISH  FEET. 


Met. 

0 

1 

Feet. 

Feet. 

0 

0  CNK) 

3.2809 

10 

32  809 

36  UH^J' 

241 

65,018 

ns.HiHj; 

30 

98.437 

101.71 

40 

131,24 

134  fr^ 

50 

164  04 

167.33 

60 

196,8.^ 

^¥)  i:^ 

70 

263, 47|  365. 7^; 

m 

90 

:;in5.!;i8,  i298.fiO; 

100 

3SS.09 

331, 3r[ 

Free. 

6.5018 

39  371 

72.170 

104.99 

137,80 

170.61' 

!ii13  42 

2-10.32 

309  03 

bOl.84' 

831.05! 


Feet 

9.8427 

42.651 

T5,4G1 

108.27 

141  OR 

173.89 

£0fi.70 

239.51 

272,31 

3(Vi.:i* 

337  03 


Feit. 
13. 1^3 
45.H32 
78,741 
111.56 
X44.Sfl 

ir;.r 

209,98 
242. 7U 
275,00 

iJ08,4O 
341.21 


Fe*5t, 
16.404 
40.213 


P'eet. 
19.685 
53.  <W 


Feet, 
aS.960 
G6  776 
88  584 

]-.^1.39 


82.  Ot?-!  85.303 

114.8:1  118.11 

147,01  l.-M».LJ-;  Inl.eO 
l?S0.4rj  iKi  7Mlb7.01 
21,H,2a2]l5.Mr2l0,82 


8 


246.071340  35 

27H.S8j282,16 
311.69314.07 
344,49  317,78 


Feet, 
!S6,W7 
59.0^ 

134  67 
357.49 

390.29 
2S3.10 

255.91 
288.73 
331  53 


352  63 

318.35 

351.t)e|354  &1 


Feet 

29  S88 
0S.387 
95.146 
1^^.96 
100.76 
1M.57 
236.88 
2&9.19 
29e.OO 
,^4 .81 
3.^7.08 


TABLE   XII.— Continued. 
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CONVERSION  OF 

ENGLISH  STATUTE-MILES  INTO  KILOMETRES. 

Miles. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

9 

Kilo. 

Kilo. 

Kilo. 

Kilo. 

Kilo. 

Kilo. 

Kilo. 

Kilo. 

Kilo. 

Kilo. 

0 

0.0000 

1.6093;8.2186 

4.8279 

6.4372 

8.0466 

9.6558 

11.2662 

12.8746 

14.4848 

10 

16.003 

17.70219.812 

20.921 

22.530 

24.189 

25.749 

27.358 

28.967 

30.577 

20 

32.186 

38.796'85.406 

87.014 

38.623 

40.282 

41.842 

43.451 

46.060 

46.670 

30 

48.279 

49.888  51.498 

58.107 

54.716 

56.325 

57.935 

59.644 

61.158 

62.763 

40 

64.372  65. 98l]67.591 

69.200 

70.809 

72.418 

74.028 

75.637 

r7.24fl 

78.856 

60 

80.465  82.074  88.684 

85.293 

86.902 

88.511 

30.121 

91  780 

98.385 

94.949 

60 

96  658  98.167  99.777 

101.39 

102. 9fi 

104.60 

106.21 

107.82 

109.4S 

111.04 

70 

112.66114.26115.87 

117.48 

119.08 

120.69 

122. 3C 

123.91 

126.52 

127.18 

80 

128.74  130.35131.96 

133.57 

135.17 

136.78 

138.39 

140.0C 

141.61 

148.22 

90 

144.85  146.44  148.05 

149.66 

151. 2fl 

152.87 

154. 4& 

166.0S 

157. 7C 

159.31 

100 

160.98  162.581164  14 

165  75 

167.35 

168.96 

170.57 

l?2:i8 

178.791  175.40 

CONVERSION  OF  KILOMETRES  INTO  ENGLISH  STATUTE-MILES. 


Kilom. 

0 

1 

2 

8 

4 

6 

6 

7 

8 

Miles. 

MUes. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

Miles. 

0 

0.0000 

0.6214 

1.2427 

1.8641 

2.4865 

3.1069 

3.7282 

4.8497 

4.9711 

10 

6.2188 

6.8352 

7.4665 

8.0780 

8.6994 

9.3208 

9.9421 

10.562 

11.185 

SO 

12.427 

13.049 

13.670 

14.292 

14.913 

15.634 

16.15€ 

16.776 

17.399 

80 

18.641 

19.263 

19.884 

20.506 

21.127 

21.748 

23.870 

22.990 

28.6ia 

40 

24.855 

25.477 

26.098 

26.720 

27.341 

27.962 

28.584 

29.204 

29.827 

60 

31.069 

31.690 

32.311 

32.033 

33.554 

34.175 

34.797 

85.417 

36.040 

60 

87.282 

37.904 

38.525 

89.147 

39.768 

40.889 

41.011 

41.631 

42.264 

70 

43.497 

44.11« 

44.739 

45.361 

46.082 

46.603 

47.226 

47.845 

48.468 

80 

49.711 

50.332 

50.953 

51.576 

52.196 

62.817 

63.43t 

54.069 

64.682 

90 

65.924 

56.545 

67.166 

57.788 

58.409 

69.03G 

69.652 

60.272 

80.895 

100 

62.138 

62.759 

63.380 

64.002 

64.623 

65.244 

65.866 

66.486 

67.109 

Miles. 
6.5924 
11.806 
18.019 
24.238 
30.447 
36.660 
42.874 
49.088 
56.302 
61.615 
67.729 


TABLE  XIII. 
LENGTH  IN  FEET  OF  1'  ARCS  OF  LATITUDE  AND  LONGITUDE. 


Lat. 

I'Lat. 

V  Long. 

Lat. 

V  Lat. 

1'  Long. 

1*» 

6045 

6085 

8I« 

6061 

6222 

29 

6046 

6083 

32° 

6062 

5166 

8«» 

6046 

6078 

83° 

6068 

5109 

4» 

6045 

6071 

84° 

6064 

5061 

5*» 

6045 

6063 

35* 

6066 

4991 

6«» 

6045 

6053 

36° 

6066 

4930 

7* 

6046 

6041 

37° 

6067 

4867 

8« 

6046 

6027 

88° 

6068 

4802 

9- 

6046 

6012 

89° 

6070 

4736 

10« 

6047 

5994 

40° 

6071 

4669 

11« 

6047 

6975 

41° 

6072 

4600 

12«» 

6048 

6954 

42° 

6078 

4580 

18° 

6048 

6931 

43° 

6074 

4458 

14« 

6049 

6907 

44° 

6075 

4385 

16» 

6049 

6880 

45° 

6076 

4311 

16« 

6050 

6852 

46° 

6077 

4235 

17° 

6050 

6822 

47° 

6078 

4158 

18*> 

6051 

6790 

48° 

6079 

4080 

19« 

6062 

6757 

49° 

6080 

4001 

20<» 

6052 

6721 

60° 

6081 

3920 

21° 

6058 

6684 

61° 

6082 

3888 

22*> 

6C64 

6646 

62° 

6084 

8756 

28<» 

6064 

6606 

53° 

6085 

8671 

24* 

6066 

6563 

64° 

6086 

3586 

.260 

6056 

6619 

65» 

6087 

3499 

a6» 

6057 

6474 

66° 

0088 

8418 

27» 

6068 

6427 

67° 

6089 

8328 

28« 

6059 

6878 

68° 

6090 

3288 

29° 

6060 

6827 

59° 

6091 

3142 

80« 

6061 

6275 

60« 

6092 

S061 

162    TABLE  XIV.— NATURAL  SINES  AND  COSINES. 


o" 


fliQC   CdJiiii 


.00030 

.oom: 

.00116 

.ooiir 

.00175 

.00233 
.002612 

.002S)i 

O032O 
.00349 
.0037K 
.D0407 

.00495 

.Ofl>W3 
.00532 

.00611 
.00040 
.00609 


.00737 
.00750 

.0O7S5 
.00814 
.00!^  4  4; 
.00873 

.00902 
.00^31 
.OOf^fiO 

.oogao 

.OIOIS 
.01047 
.01070 
.01105 
.01134 
.01164 

.011fl3 
.01222 
.01251 
,01280 
.0130!) 
0J338 
Ol367i 

mmri 

Oi425 
01454 

.014S3 

.01513 

.01542 

.01571 

.OKiOO 

.01 

01{5Ba 

01fiH7 

0171  f5 

01745 


One. 
One. 
One. 
One, 
One. 
One. 
One. 
One. 
One. 
One. 
One, 
.99999 
,9^199; 


,9999fJ 
.flOOOO 
.(19999 
.90000 
.99999 


,09998 
.99998 


.00008 
.9999^ 
,90097 
,99997 
.999^7 
.99997 
.99990 
.<J00ttG 

.999&fi 

.99&oa 

.99905 


.99995 
.0M05 
.90994 
.99094 
99994 
,  9999:3 


.99993 
.99S02 
.99992 

M\m 

.99991 
,90991 
.999T0 
J9990 
.09989^ 


.999S,S 
.099S7 
.99987 
.flft9^fl 
iH9**r. 
999S5 
999S5 


CoBJn^  Sine 


1' 


Sinti  Cosin 


.01745 
.01774 
.01803 
.011i!32 
.0l8tiL> 
.01891 
.01920 
,01949 
.01978 
.02007 
.02036 
.020^^h5 
.020^14 
.02123 
.03152 
.02181 
.02311 
.02240 
.02369 
.02298 
.02327 

.02356 
.Q238S 
.02414 
.02443 
.02472 
.r>250l 
.02530 
.02560 


.0261S 

.0264' 
.02fi76 
,02705, 
02734 
.03763 
02792 
02S21 
02850 
02879 

.02938 
,02967 
-0299fi 
.O302g 
.03054 
.030^3 
.03112 
03141 
.03170 
,03191] 

,03228 
.032&7 
.0338  tl 
.0331 P 
,03345 
.03374 
.aT403 
.03432 
.03461 
.03490 


.<>998.5 
.99984 
.99984 

.999^3 
j9tB2 
,99982 

,99980 
.99930 
.9997e 

.99979 
.99978 
.99»77 
.99977 
.99976 
.99976 
.99975 
.9(1974 
.99974 
.9997? 
.99972 
.99972 
.99971 
.99970, 
.999419 


.9900S 
.^9067 


.99966 

.99964 
,99963 
.99963 


.99961 
.99^0 


.9&959 
.^9958 

.09957 
.99956 
.99955 
"4 
.999.13 
,99952 
.9[i95: 
,9995 
.90!)59 
.99949 

.9994)^ 
.99947 
.99946 
,99945 
.99044 
,99943 
.99942 
.99L>4  I 
.99940 
99939 


Sine  Cosiiu 


.03490 
.03519 
.03543 
.03577 
.03fi06 
.03035 
.03fi04 
.031393 
.03723 
,0.!752 
.03781 

.03810 
.03839 

.03807 


Cnsm  I  Sine 


.a3955 
,03984 
.04013 
.04042 
.04071 

,04100 
.04129 
.04159 
.04188 
.04217, 
,04246 
.04276, 
.04304 
.04333 
.04362 

.043^1 
,04420 
.04449 
.04478 
.04507 
.0453?! 
.0-1565, 
.045P4 
.04623, 
.04653 

.04fiS2 
.04711 
.04740 
04769 
04798 
,04«27i 

043W5 
04914 
,04943 

.04972 
.4^(»01 
.05030 
.05059 
.0r>0HS 
.05117 
.05146 
.0-5175 
.0520.5 
.05234 


,99939 
.90938 
.99937 


.99035 
.99934 


.99932 
.09931 
.99930 
,90929 

.99927 
.{HW26 
,90925 
.99924 
.99933 
.99922 
.99931 
.99919 
.99918 
.99917 

.99016 
.99015 
.99913 
.00013 
.999U 
.99010 
.99909 
.99007 
.09^06 
,9fl005 

.99904 
.99902 
,99901 
,99900 


.99&9* 
.99Sfi4 
.99893 
.998^2 


Cosjn    Sine 


,9S)SS6 
.9f*8S5 
.9^883 
.99SS3 
.90881 
,99879 
.99S7S 

.fl987r 
,99s 75 
.m*873 
.99872 
.09870 
,99Hfi9i 
MSG7 
.99866 
.9»Sfi4, 
.99803 


3* 


Sine*  Prtinn 


I  R7° 


.05234 
.05263 
J0S292 
.05321 
,05350 
.05379 
,05408 
.05437 
,0546(i 
.05405 
.05524 

.05553 
.05582 
,05611 
,05IN0 
.05669 

.05727 
,0.5756 

.05S14 

.05844 
.05873 
.05902 
.05931 
.G5&60 
.05989 
.00018 
.00047 
.00076 
.00105 

.0(5134 
.mil63 
,06192 
.00231 
,06250 
.00279 
,06308 
.06337 
,06366 
.06395 

,06424 

.0§453 

.0648? 

.0651 

.06540 

.06569 

.Ofi598 

.0'''027 

.06656 

.00685 

.06714 
.06743 
.06773 
,OfS802 
.00831 
,06JSeO 
.00889 
.06918 
.06947 
,06976 


Coain    Sine 


.90S63 

.9fl8t50 
,998^ 
.99857 
,9985.5 
.09854 

.99851 
.99349 
.99847 
.90846 
.99844 

.ffl>841 
.99$*39 
.993^3^ 

,99836 
.9«1334 
.9BJ^33 
.99831 

.99829 
,99827 
.99326 
.99824 
.90822 
.99821 
.00819 
.90817 
.99815 
,99813 

.5*9812 
.*30310 
.99808 


.99801 


.99«01 
.99799 
.99797 
.99795 

.^793 
.9979i 
.99790 
,91^788 
.99786 
,9974*4 
.99782 
.99780 
.1^778 
.99' 

.1^774 
.90772 
.99770 
.09763 
.99766 
.09764 
,99762 
.99760 
.99758 
.997^ 


I, ^ 

^ine  Cositn 


40 


86" 


M%7fj 
.07005 
.07034 
.07063 
.07002 
.07131 
,07150 
,07179 
.07208 
.07237 
,07206 

.C729S 

.07324 

.07353 

.07332 

,07411 

.07440 

.07469 

.07493 

.075: 

.0755fi 

.07585 
.07014 
.07643 
,07672 
.07701 
,07730 
.07759 
.07788 
,07317 
,07846 
.07J575 
.07904 
.07933 
.079^2 
.07991 
.68020 
,08049 
.0SO78 
.0810^ 
.08136 

,08105 
.08104 
.08223 
.08252 
.03281 
,08310 
.08^39 
.053«a 
,08397 
.08430 

.08455 
,08484 
.03513 
.06&42 
.08571 
.08000 
.OS029 
,0865^ 
.0868^ 
,08716 


.9975ii 
.9975* 
.99752 
.U9750 
,00748 
,99746 
.99744 
.99742 
.09740 
.99738 
.997*6 

.99734' 
.®97S1 
.9973» 
.99727 
.99725 
.90723 
.99721 
.09719 
.99716 
.99714 

.99712 
.90710 
,9O70S 
,fl»705 

.mm 

.00701 
,90699 

.99694 
.99692 

.99689 
,©9687 
.99085 
,99683 
,99080 
,99^78 
.00076 
.99073 
.99tl7l 
.99008 


,90$ffl 
,09059 
,90657 
.09654 
,99652 
,99649 
.90017 
.09644 

,99642 
,096^^ 
.90037 
,9063& 
,00632 
,09d»» 
.99627 
.09625 
.*&&22 
jg6I9 


Cosm  Sine 


S5- 


60 
59 
&S 
57 
50 
55 
Bi 
53 
52 
51 
50 

49 
4S 
47 

46 
45 
44 

43 
42 
41 
40 

39 
38 
37 
36 
3S 
34 
33 
32 
31 
30 

2D 
28 
27 

26 
25 
24 
23 
22 
21 
20 


.9966^  19 
.99664;  t«; 


NATURAL  SINES  AND  (X)SINES. 
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2 
3 

4 
5 

e 

7 

S 
9 

to 

11 
12 
13 
U 
i5 
10 

il 

n 

20 

2t 
2? 
23 
24 
2,5 
26 
27 
2S 
29 
30 
31 
32 

33; 

34 

36 
37 

38 
39 
40 

41 

42 
43 

44 
45 
40 
47 
48' 
41» 
£0 

51 
52 
53 
61 
S5 

57 
5S 
5» 
BO 


SinH   tlnsin 


.03710 
,08745 
.08n4 
.O&SOG 
.08531 
.08S50 


,08947 
.0S97« 

,oeoo5 

09<^4 
.090fi3 
.09092 
.09121 
.00150 

Mm 
mso& 

.09237 

mm 

00324 

09411 
09440 
,09Jf59 
09tfl8 
09527 

09014 
09G42 
,00071 
09700 
09729 
0975.^ 
097S7 
098  IfJ 

09S71 

.09^ 
.09932 
.09ftflt 
.09900 
.10019 
.lOfHB 
.10077 
.lOlOfi 
.IOIS.1 
.10104 

.10192 
.10231 
.10350 
.10270 
.1030? 
.10337 
.lOSflfl 
.10395 
.10124 
,10453 


.99019 
.99017 
.990H 
.09012 
.93009 
,^0O7 
.99604 
.99602 
.99599 
.99590 
.99594 

.99591 
.99588 
.9&5Se 
.99.'S^3 


.fl«575 

.00572 
.99570 
.99567 

.99564 

i50: 

559 

550 

.09553 

.90551 

.9954S 

.9954,5 

,99542 

J39540 

.99537 
.99554 
J&9531 


.99526 
.0O5S3 
.99520 
.99517 
.99514 
.99511 

.9950«! 

.99B03 
.09500 
.99497 
.09494 
.99491 
.094^ 
.994SS 
.09482 

.99479 
,00470 
.9947S 
.09470 
.99407 
.99404 
.00401 
.fl0458 
.99455 
,994^>: 


84! 


«" 


Sino  Cosia 


.10453 
.10482 
.10511 

.10540 
.10509 

.io.';9r 

.loosn 

.1065.5 
.10GS4 
.10713 
.10742 

.10771 

10^39 
lO^S 
108.87 
,10910 
,10045 
,10973 
11002 
1103J 

11060 
linii9 

iins 
inn 
inro 

11205 
11234 
112fi3 

ii2fn 

11320 

11S49 
11378 
11407 

,ii*a 

,11405 
,11494 
11523 
11552 
11,W0 
llOOOj 

1163fi 
nf)07 
lin90 
11725 
117.54 
11783 
11S12 
11840 
11800 
11S9S 

11&27 

,1195(i 
,11985 
12014 
,12043 
12071 

latoo 

J2129 
.1215H' 

.1?1S" 


.994Si 
MiAd 
.9941t; 
.93443 
.99440 
.99437 
.994,14 
.99431 
.9942S 
.09124 
.99421 

.9941!^ 
.90415 
.99412 

.9040(1 
.9940G 
.99402 

.9939tl 
.09393 
.99390, 

.093SO 

.993^ 
.90377 
.99374 
.90370 
.9930: 
.90304 
.99300 
.99357 
.99,1'^4 

smry] 

.99347 
.99344 
.99341 
.99337 
.9033^ 
.99331 
.9i>3^^7 
99324 

.99320 
.99317 
.99314 
.99310 
.99307 
,09303 
.99300 
.00297 
.99293 
.99290 

.992S0 
.99283 
.00279 
.90276 
.99272 
.993W 
.002f^ 
.992B2 
.9925^^ 
.09255 


7" 


^ine  Coi-in 


12187 
122  l(j 
12245 
12274 
1230; 
12321 
I23rj0 
12389 
12418 
12447 
12476 

12504 

12533 
125fj2 
12691 
12020, 
12049 
12078 
1270<l 
13735 
12764 

12793 

12823 
12R51 
12>i^:n 

{■: 

12§^^b 
139G5 
13024 
13053 

l?M\ 
13110 
13139 
13  ms 
13197 
13326 
132,54 
132^^3 
13312 
13341 

13370 
13309 

13450 
13485 
13514 
13543 
13572 
13600 
13620 

1365S 
mVA7 
13710 
13744 
13n3 
13802 
13831 
13SC0 
33899 
13!>17 


Sine  Cosin 


,99255 
.99251 
,09248 
.99244 
.99240 
.9^^237 
,991^33 
.99230 
.99220 
.99222 
,99S19 

.99215 
.99211 
.9920S 
.99204 
.99200 
9919" 
.99191 
.99I?i9 
.99180 
.Mls2 

.90178 
.9^1175 
.90171 

'H'.T 

.WLJl.'jLj  I 

.iK>l52| 
.99148 
,90144 

.90141 
991,^7 
,lK»i33 
,99129 
,90125 
,90122 
,00118 
,00114 
,99110 
,09100 

.90102 
,90098 
.99094 
.9'0O91 
MQS.7 
.090(33 
.^9079 
.90075 
.99071 
.90007 

,99003 
.990,59 
.99055 
,99051 
.99047 
.90043 
.99039 
.09035 
.99031 


.13917 
.13946 
.13975 
.14004 
.14033 
.140G1 
14090 
,14119 
1414M 
,14177 
,14205 

14234 
.14363 
.14292 
.14329 
14349 
,14378 
.14407 
.14430 
,14404 
,14493 

,14522 
,14.551 
,145S0 
,!4ci08 
,14637 
,J400«i 
,14<W5 
,14723 
,14752 
14781 

,14810 

,14S3S 
,14807 
,14S9f; 
,14925 
,14954 
,14982 
,15011 
,15040 
.15009 

,15097 
,15120 
.16155 
15184 
.15212 
.15341 
.15270 
,15209 
.15327 
.15356 

153B5 
.1.5414 
.1.5443 
.15471 

.1.5500 
.1,5520 
.1,5557 
.1,5.580 
.15015 
.15643 


,9903' 
,99023 
,99tH0 
,9imi5 
,99011 
OOOQtJ 
.99003 
.98906 
.9S991 
.98990 
.989Se 

.93982 

.9KB78 
.98973 


.98905 
.9S9S1 
.98957 
.98053 

.98048 
.98044 

.98940 
.98930 
.98931 
.08927 
.08923 
.98919 
.08914 
,Bfi9lO 
.08900 
.ft890: 

.08897 
,08893 

.9,S,S89 
.98884 
.98880 
,98870 
.98871 
.98807 
.O8S03 
.98^^ 

.98854 
.08849 
.98^45 
.98841 
.95830 
,93832 
.98827 
.98823 
.9S81S 
,98814 

.98809 
.1^8805 
.98800 
.08790 
,98791 
.98787 
.9.'*T82 
.08778 
,08773 
.08700 


I  fit" 


a^ 

Sine  Cosin 


,15043 
15072 
,15701 
1,5730 
.15758 
1&787 
,1581ci 
15.'545 
.15873 
.15902 
.15931 

.159.50 
,15988 
10017 
.1EMI40 
10074 
.10103 
,16132 
16100 
,16189 
,16218 

,16240 
,10275 
,16304 
,40333, 
,163^1 
,10390 
,16419 
,10447 
,16470 
,10505 

,10533 

,16562 

,16020 
,10048 
,10077 
,10700 
,16734 
,10763 
,10792 

,16820 
,10849 
,10878 
,16000 
16935 
.10004 
,16M2 
,17021 

,i7a'50 

,17078 

.17107 
17130 
17164 
17193 
17222 
.17250 
.17279 
.17308 
17330 
17305 


,98709 
,98704 
,98760 
,0875S 

,9875! 
,^.1^741.; 
,(:iS74  E 
,9^737 
.98732 
.98723 
.98733 

.08718 
.98714 
.08709 
.9«704 
.08700 
,98695 
.98690 
,98680 
,98681 
,98670 

.08671 
.98007 
,98602 
,08057 
,03652 
,98048 
,98043 
,98038 
,98633 
,98039 

,98034 
,98619 
,98014 
,98009 
,08004 
,98000 
,98^95 
,98690 
,9858.5 
,98580 

,98575 
,98570 
,9S5ft5 
,98501 
,935,^ 
,03551 
,98.54fl 
.98541 
.08530 
,98531 

,98530 
.98521 
.08510 
.^11 
.98500 
.98501 
,98490 
.98491 
.98480 
.98481 


CoeinJ  Sine 
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NATURAL  SINES  AND  COSINES. 


a 
1 

2 
3 
4 
5 
6 
7 
S 
9 
10 

11 
U 
U 

u 

15 
16 
17 

IS 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 


lO'' 


Sine  (>osin 


.17365 
J7395 
,17422 

.imi 

.11  ^m 
,175^7 
.t75(i;i 
.17504 
.17ft23 
.17651 

.t76?0 
.17708 
,17737 
.1776ii 
.1779'! 
.17S2S 
,17852 
.173SO 
.17909 
,17937 

.L79&J 
.18052 

asosi 

.ISIOO 

.I816fl 
-tSJ95 
.18324 

.1S252 
,1S3S1 
.tS309 
.1833^ 
.18367 
.18395 

jsm 

.18152 
JS'l^l 

.1S50G 

iftsas 

.JS&67 
.lSS9fi 
,18024 
,18652 
.ISfifll 
,18710 
.18738 
,187«7 
.18795 

,18824 
.18S52 
.188«1 
ISO  10, 
,18938 
J8flf57 
,18995 
,19024 
,im'i2 


.9H4bl 
.9847  Li 
,08471 

.981136 
.HSlfll 
Ai-'^4>55. 
.aS45D, 
.9s44o 
.98440 
.98435 
.98430 
.9842.1 
.98420 
.984  H 
.98409 
J>8404 
&839U 
.9^394 
,&S389 
.&«3.83 
,&«378| 

,9S373 

,0ii352  i 

9S347 

,fi.^34I 

9833f> 

9S331 

9832S 

98320 

ssai.'s 

98310 
,98304 
,9S299 
98294 
,98^S8 
98283 
,98277 
98272 

982fi7 


ir 


SLnp  Olflin 


9S25f3 


9S245 
98240 
98234 
98229 
98223 
9821S 

9821J 

,98207 
98201 

98lS*n 
98185 
981751 
,98174 
9?lflfi 
98103 


Qjsin    Sine 
7  ft'' 


Aimi 

.19138 
.19167 
,19195 
.19224 
.19252 
.19281 
J  0309 
.19338 
,193^6 
,1»395 
.19423 
,19452 
.19481 
.i950^( 
.19538 
.195f>(? 

.mm 

.I9t'23 
.19*i52 

.I90sn 

.)'.>:  mi 

49794 
.10823 

.19S51 
.198S0 
.19J>0,S 
.19037 

.19&65 
.19&94 
.20022 
,20051 
.20079 
.20UVS 
,201 3f> 
.2010.5 
20193 
.20222 

20250 
.20279 
,2030: 
20330; 
20304 
.20393, 
.20421 
20450 
.20478 
.20507 
2a=.35 
,20.V'^3 
.20592 
.?0l>20 
20649 
.20tV77 

.2oroii 

.20734 
.207(13 
.20791 


.981fj3 
,9S1S7 
,08152 
,08146 
.08140 
,08l3fi 
.98129 
.9S124 
,98118 
.98112 
,98107 

98101 

.98096 
98090 

.9S07& 
98073 
98067 

mmi 

»805a 
.08050 

^mu 
m)27 

9S021 
08010 
ft^lO 


l>7998 
,07992 

§7987 
^7981 
97975 
9790^ 
97963 
97958 
97952 
97940 
97940 
97934 

97&28 

,97022 
.97»te 
97910 
97905 
97^90 
97893 
,978^7 
97881 
97875 

978fiR 
,978fJ3 
978n7 
97851 
97845 
97839 
97833 
97827 
978i!l 
97815 


*Viain    Sine 

~7¥ 


1'^" 


Bute  Cfjdin 


.97815 
,97800 
.97803 
.07797 
.97701 
.977M 
.97778 
.97772 
,97766 
,97780 
,97754 

.97748 

,07742 

,97735 

,97729 

.07723 

,9771 

,97711 

,07705 

J760S 

,07692 


.20791 
.20820 
.208UK 
,20877 
.20905 
,20933 
,209*2 
,20990 
.21010 
.21047 
.^1076 
.21104 
.21132 
.21161 
.21189 
,2LnS 
.21246 
,21275i 
.21303 
.21331 
.21360 

.21 3S.^ 
.1^141" 
,21445 
,21474 
,21602 
,2153^ 
.315.79 
,21587 
,21616 
J1014 

.21672 
.21701 
,21729 
.21758 
,2l7Si6 
,21814 
.21843 
.21871 
.2imr 
.21928 

.2ig5ii 
.21085 
,22013 
.22041 
22070 
.22008 
.22126 
.22155 
.221,83 
.22212 

.22240 
.222fJ8 
.22297 
.22325 
.323S3 
.2238J 
.22410 
.2243^ 
.22467 
.22405 


77^ 


13^ 


Siue  KToaiii 


,22495 
.225,^3 
,22552 
^2580 
,22608 
^2637 
,22666 
.22693 
,22722 
.33760 
,22778 

.22807 
J2835 
^2863 
,22802 
.22920 
,22948 
.2297^ 
.230fX5 
,23033 
.33062 

.23090 
,23118 
.23116 
,23175 
.23203 
,23331 
.23260 
,23288 
.23316 
J33I5 

.23373 
.23401 
.23429 
.2.^455^ 
.23480 
,23514 
,23542 
.23571 
,23509 
.23627 

.2^65^ 
,23aS4 
.23712 
.23740 
.23760 
.23797 
.23825 
.23853 
.23882 
,23010 

.2303S 

,23onr» 

.23095 
.24023 
,24051 
,24079 
,24108 
.24136 
.24164 
.24102 


.9743 

.97430 

.07421 

.0741 

,07411 

.07404 

,0739^ 

.97391 

.07384 

,97378 

,97371 

.973&5 
,97358 
,07351 
,07345 
.97338 
,97331 
.97325 
,07318 
.97311 
.97304 

.97298 
,97291 
,97284 
.97278 
,97271 
,97264 
,9726? 
.97251 
,97244 
,9723" 

.97230 

.97223 

.97217 

,97210 

.97203 

,97196 

.07180 

.97182 

.07  r 

.97160 

,07162 
,97155 
.97148 
.97141 
.97134 
,97127 
.97120 
.97113 
,9710e 
.^7100 

.07093 

.970.^6 

.97079 

,07072 

,1*7005 

.97058 

,97051 

.97044 

,97a3 

J7O30 


70'^  ~ 


14= 


Sine  pCHim 


.24102 
,24220 
.24249 
.34277 
,24305 
.34333 
,24362 
.24390 
,2441a 
,34440 
^4474 

,24.503 
^4531 
.2455tf 
.24.587 
,24615 
,24044 
.24672 
.24700 
,24728 
.24756 
.24784 
.24813 
,34841 
.24860 
,24^97 
.24925 
.24964 
,24982 
.36010 
JES038 

,250«6 
.25094 
J5I23 
.25151 
.25m 
.25207 
,25235 
,25263 
.25391 
.25320 

,2534« 
.25376 
,25404 
.25432 
.3*460 
,2&4SS 
.35516 
,25545 
.26573 
J5^l 

.25039 
J266S7 
.25685 
.257  J  3 
,35741 
,25769 
,257ft8 

.25f<54 
.35882 


.07fi30 
,97023 
.97015 
.97008 
.97001 
.96004 
,9«9S7 
,96980 
.96973 
,96966 
.9t»950 

,96052 
.0<1915 
,9*i937 
.9t\930 
,96923 
.9^910 
,96909 
.90902 
.^6894 
.96837 

M8m 
,96$7S 
.968«« 
,96£SS 
.90.851 
,96844 
,9fift37 
,96829 
,96522 
.968 1£ 

,96807 
,96800 
J»679a 
.95786 

.9677S 
.06771 


.96764  23 
,96756   32 


,96749 
.9a74S 


21 
.067341  19 


.96737 


.96719    IT 


.96712 
.96705 
,9660 
96i^ 
966S2 
96675 
.0^61*7 

.90660 
.9(V*i53 

.9oaae 
.wmzE 

.96616 

.06000 
.96898 
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NATURAL  SINES  AND  COSINES. 


6tf 


D 
1 
2 
3 
4 
£ 

e 

7 

e 
e 

10 

11 

12 
13 
U 
IS 
16 

n 

19 

m 

31 
22 
33 

t7 


1S° 


Sine  Cflsin 


.2AI31U 
.2&93.H 
.25966 
.25994 
.26022 

^^m 

,26107 

.aeioi 

.29319 
.2(1247 
,26375 
.26303 
.26351 
.26350 
.26387 
.26115 
.26443 

,26471 
,26500 

,23612 
.36640 
,2960S 
.26^06 
.26724 

.26750 
.2^S0S 
.2031311 
.2flS!ft4 

2tm2 

.2(i92t> 
.209  i!> 
.20076 
.27001 


.27032 
i706il 

.37116 
.27144 
.27172 
.27200 
J732S 
.27256 
SO  .27284 


,t*652K| 
.065701 
.90563 
.06S55 
.06547 
.05^0 
.96532 
.96-524 
.06517 

.0650& 
.06502, 
.^494 
.90486 
.&647S 
.^6471 
.06463 
.06150 
.96443 
.90440 

Mm 

.90425 
.90417 

.imio 

,«S4fl2 
M^M 
.1^6386 
.9637& 
.96371 
.90303 
,96355 
.00S47 
.06^0 
0C333 
,9*^324 
.963 1  rj 
,9ti30« 
Mimi 
.96293 
.96385 

.9(^277 


J27311? 
.27340 
.273iS« 
,37390 
.27424 
.27452 
.374801 , 
.2750$ 
.27Mfl 
27&&4 


.06201 
.96253 
.96340 
.96238 
.06330 
.06222 
.90314' 
.9«20G 

.06198 
.06190 
,901S2 
.90174 
.0016?! 

.m\^ 

,06150 
.90142 
.96134 
.96l2n 


Bine  CoBiu 


37564 
,2753^ 
37620 

,27648 
,27i^7{j 
,37704 
27731 
27760 
,377^7 
27815 
27K43 

.27&T1 
.27S09 
.27937 
,37955 
.279*3 

.max 

.3S067 
.23095 
.23123 
.2^150 
J38178 
,28206 
.28231 
.28202 
.3S290 
.28318 
.2?346 
.28374 
.3840r 

,38420 

.2S4^T 
.23513 
^541 
JS56» 
MfV 
.33625 
J89.^3 
.2S6S0 

.2«70« 
.28736 
.28764 
,28792 
.38820 
,2S847 
-3Se7fl 
.28903 
.28931 
.28059 

.3S9S 

.20015 

.20042 

.29070 

.20098 

.29126 

.20154 

,29182 

.29309 

.29237 


96126 
.fltUlS 
©tjllO 
,9i>102 
93094 
9<M38G 
.9^5078 
,90070 
,90062 
9fifl54 
,96046 

ft6037 
,fti5O20 
.96021 
&6013 
&a005 
95997 
,95389 
95981 
,9S97L 
,95064 

.950SO' 
.ft594.^ 
.95940 
.95931 
.1*5923 
.95915 
.95907 
.0.^93 
.95890 
.05S8: 

,95874 
.95.305 
.05«57 
.65849 
.95S41 
.95S33' 
.05834 
.OS«410 
.95S07 
.96799 

Min 
.957Si 
,9577-1 
,05760 
.95757 
.95749 
.95740 
.95732 
,95734' 
.05715 

,95707 

Mcm 

,95|(9f» 
.95681 
.95073 
.95664 
.1*5656 
.95647 
.95639 
.95630 


17" 


8mG   Kii^iti 


.29237 
.29365 
,20203 
.39321 
J2034S 
.3937(1 
.29404 
.3G43L 
.29460 
.29487 
J9515 

.29543' 
.29571 
.39599, 
.2963(y 
.39054 
.29682 
.29710 
.20737 
.3970.'^ 
.20793 

,29321 

.29349 
.29.S76 
,20004 
.29932 

.29087 
,3f)Ol5 
.30013 
,3007] 

,300051 
.30120 
.30154 
.301,^2 
.50209 
..10237 
.30205 
.30202 
.30320 
.3034^ 

.mi7r> 

.30t03 
.30431 
.30459 
.30486 
.30514 
.30542 
.30570 
.30597 
.30S25 

.30^53 
.30680 
.3070r 
.30736 
.307C3 
.30791 
.30810 
.30846 
.30874 
,30902 


74" 


73" 


.95630 
.95632 
.95613 
.95605 
,95590 
.9.'i583 
,95570 
.95571 
.95562 
.95554 
.95545 

.95536 
.9552S 
.95519 
.9551] 
.95503 
.95493 
.95485 
,9547^^ 
.954  fi7 
.95459 

,95450 
.05441 
.95433 
.05424 
.95115 
.05407 
.05398 
.95390 
.95380 
.95372 

.95363 
,9,^354 
.95345 
.M337 
.0^128 
.05319 
.95310 
,95301 
.95293 
.95384 

,95375 
.05266 
.9525- 
.9524.^ 
.9,5240 
.96231 
.05233 
.05213 
.05204 
.951^5 

.9518Q 
,05177' 
.951^1 
.95  ISO 
,95150 
.96142 
.95133 
.95124 
.05115 
,96106 


IS" 


Sine  Coniti 


CfMin,    Sine    iCotiiti  I  Sine    iCoKin    Sinn    rnpifi    RItio 


I 


73* 


,30902 
,30929 
,80957 
,30985 
,31013 
,31040 
,310&^ 
,31095 
31133 
,31151 
,31178 

,3l20fi 
,31233 
,31261 
ai2S9 
,313in 
31344 
,31373 
31390 
,31427 
,31454 

,3148^ 
,31510 
,31537 
31565 
,31593 
,31020 
,31048 
31675 
,31703 
,31730 

.317.";^ 
.31786 
.31813 
.31841 
.31808 
.31806 
.31923 
.31951 
.3107$ 
.32000 

.32034 
.32091 
.32&'^0 
.3211(1 
.32144 
.32171 
,32199 
.32327 
,32254 
.33283 
.32309 
.33337 
.32364 
,32392 
.32419 
.32447 
,32474 
,32.502 
.32529 
.32967 


I- 


,95lOii 
.05097 
.95088 
.95079 
.95070 
.95061 
.96053 
.95043 
.93033 
.95024 
.95015 

.95000 
.94997 
.94988 
,04979 
.94970 
,94961 
,04952 
,0494,-J 
.04033 
.04924 
.04916 
.9490G 
.94897 
.943S8 
.94878 
.94869 
.94860 
.94851 
.94843 
.94332 

.94833 
.94814 
.94305 
.94795 
,94786 
.9477^ 
,04768 
.0476S 
,04740 
,04740 

.04730 
.94721 
,94712 
,94702 
J4603 
.94634 
,04674 
.94065 
,9465e 
.94G4G 

.94637 

Mm 

.Q4{31S 
.94609 
.94599 
.94590 
.93SaO 
.94571 
.045til 
.04^3 


ir 


71« 


.33,557 

.32584 

,33«13 
.32^39 
,32M7 
.32694 
.32722 
,32740 
.32777 
.32804 
.33832 
.338,'S9 
,32SS7 
.33914 
,32942 
.33900 
.32997 
.33034 
.33051 
.33070 
.33lCKi 
.33134 
.33161 
.33180' 
.33216 
.33244 
.33271 
.33298 
,33320 
.33353 
.33381 

,33408 
.33436 
.33463 
.33490 
,33518 
.3354.'i 
.33573 
.33000 
.33S27 
.33655 

.3368: 
.33710 
.23737 
.33764 
,3379: 
.33819 
.33346 
.33874 
,33001 
,33929 

.33956 
,33983 
.34011 
.34038 
.34065 
.340[i3 
.34120 
.34147 
.34175 
,34302 


.94552 
.94542 
.916^3 
J4.*»33 
,94514 
.94504 
.94495 
.944S5 
.94470 
.94466 
.94457 

.9444' 
.94438 
,94438 
.94418 
.04409 
.94300 
.94390 
.OliSO 
.94370 
.9J36J 
.94361 
.04342 
.94332 
.94322 
.943  L? 
.94303 
.94393 
.94284 
.94271 
.943rhJ 

.94254 
,94246 

,9432a 
,94215 
.943ftl 
.04106 
.941S6 
.94170 
.94167 

.94157 
.94147 
.91137 
,94127 
.fV4118 
.94108 
.04098 
.94088 
,94€78 
.940GS 

.94058 
Mm9 
.94039 
.94029 
.94019 
.0400P 
.93m>9 
.93989 
,93979 
,93909 


7Q" 
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38 

39 
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41 
42 
43 
44 
45 
40 
47 
43' 
49 
50 

51 
.12 
53 
?i4 
55 
Sfi 
57 
5S 
50 
CO 


2^" 


Sine  Cosirx 


34202 
34221) 
,34257 
342S4 
,34311 
.14339 
,343ef^ 
34383 
3H31 
,3444^' 
34475 

34503 
,3453(] 
34557 
345S4 
34013 
,34039 

Mim 

.34694 
34721 

.3474S 
34775 
34.^03 
,34^30 
.34S57 
,3J,'^S1 
.34913 
.3493FI 
.3490t> 
.34993 
.3.1021 

.3.'507S 
.3510:2 
.35130 
.35157 
.35184 
.35211 
.35239 
,352 GO 
.35293 

.35320' 
,3534 
.3537,5 
.3^05 

,35'l2t* 
.35450 
,35484 
.35511 
.3553^ 
.355G5 
,35592 
.35^119 
.35r>47 
.35074 
.3^1701 
.3.572!=^ 
.35755 
.35782 
1,35810 
MS37 


Q  390^1 
9395a 
9394f) 


03iJ29 
,931^19 
93909 
93399 

,93SS9 
93379 
,93SG9 

93?59 
93S19 
93339 
93329 
93819 
,93309 
93709 
,937R9 
,93779 
.93709 

,93759 
,  937-1 '■ 

,urs73^ 

,Q372E1 
'Ki7lS 
9370s 
.93l.i9H 
.93033 
.B3fl77 
.03007 

.03057 

.&3047 
.fi3ij37 

.93n20 

.93eio 


.93590 
.935S5 
.93575 
,935G5 

.935,55 

,93544 

,93534 

.9351 

,f135l4 

.03503 

.93493 

.934.S3 

.93472 

.93402 

.0345[? 

.0344! 

.93431 

.93420 

,93410 

J3400 

.93.^9 

.93379 

,9330s 

.03353 


-^1° 


Sine  Coein 


.3.1S37 
.3.TS04 
.35^01 
.35913 
.35945 
.35973 
.31^000 
.3C027 
,3tj054 
.3rMJ31 
.36103 

.3S135 

.3[}ior 

.3^190 

.30217 

.30244 

.30271 

.3C298 

.30325 

,3(1352 

JG370  , 

.31^01^ 

.3ii-i:^S 

.3'i4.S.H 
,3»k515 
.3!>.5 1 

,3(^^'5(19 
.30.'i[jn 

.3001?  :i 

.30tKlO 

.30577 
.307OJ 
.30731 
.307.1S 
.30735 
.30312 
.36339 
,3^307 
.36894 
,35921 

,3e94S 
.359^" 
,37002 
37^211 

,3705i:l 
.37033 
.37110 
.37137 
.'^7104 
,37101 

.37213 

.3724.^ 
.37272 
,37299 
.37326 
.3735S 
.37330 
.37407 
.37434 
.37401 


,93358 
.93343 
.03337 
.93327 
.93i1l0 
,93300 
.03295 
,93235 
.03274 
.932fi4 
.9^253 

03243 
93232 
03223 
.93211 
,93201 
.93190 
.93180 
.93109 
.93159 
.93143 

,9:?n7 

,'|;aI::: 
,m:;ji;' 
,'.13101: 
.93095 
.03O.s;4 

,93003 
,9^52 
,93042 

93031 
93030, 
93010 

.02900 

.02175, 
.929  Q7 
.920^^fi 
.92'J45 
.92035 

,92024 
.92013 
,92902 

.9L■'•sl^■J 

.92359' 
.92349 
.92338 
.92327 
J2J5in 
,02305 
.92794 
.927^4 
.92773 
,937F'2 
.02751 
.92740 
.02729 
,937  IS 


33° 


Sine  Coaiii 


Cogtn    Sine    rnnin    8me    CfJRm     Rine 
03° 


QH^ 


37401 
,37436 
,37515 
37542 
375G9 
37595 
37022 
37049 
3767^^ 
37703 
,37730 

,37757 
,37734 
,37^11 
,37833 
.373«5 
.37302 
.37919 
.370465 
.37973 
.37009 

.3^02^: 

.3mVj:: 
.a.- OS  I 
.3310: 

,33134 

.33101 

.33133 

.33215 

.33241 

.33203 

.3320  S, 

.33321 

.33349 

.  3.337  Q 

.33403 

.33430 

.3345f; 

.38433 

.3.3510 

.3853" 

.38504 

,3.-^501 

.3^017 

3S735 
3'?752 

,33773 
,33805 

33332 

,33,359 
,3.^Sfl 
3fl912 
.3^=1939 


39020 
3904fi 
39072 


.0271a 
,02707 
02B07 
,92fJ80 

92(575 
02f5G4 
02ii.'i3 
92EM2 
92031 
,02020 
,92(309 

,9250.S 
,02537 
.92570 
.025(55 
.92554 
,92543 
.92532 
.92621 
.02510 
.92499 

.02.1S3' 
.'kJ477 
S'\l  HjO 
.92155 
.92444 
.92432 
.92421 
.92410 
.92399 
.923,S-S 

.92377 
.92300 
.92355 
.02343 

9233: 
!92321 
.92310 

.92200 
.922B7 
,92270 

.922r».5 
.02254 
.02243 
.92231 

.92220 
.02200 
.92193 
.92130 
.92175 
.92104 

.92152 
,92141 
.92130 
.92119 
.0210^ 
.9309C 
.92085 
,02073 
.92002 
.92050 


«71_ 


2^ 


Sine  Coein 


3[H}73 

39100 

39127 

39153 

39130 

3920 

39234 

392fi0 

,39287 

,39314 

a034J 

,39367 
,39394 
.30421 
.30443 
.30474 
.39501 
,39528 
.3955.5 
.39.531 

,39035 
.30001 
,39G.S3 

.30715 
,30741 
.397  rjS 
.39795 
.39^22 
.30348 
.39375 

.39002 
.39928 
.39955 

Mm 

.40008 
.40035 
.40002 

.40033 
.40115 
,40141 

.40108 
.40195 
.40221 
.4024^S 
.40275 
.40301 
,40326 
.40355 
.40381 
.4010* 

.40434 
.404611 
.40483 
,10514 
.40541 
.405<t7 
.40594 
.40021 
.40'.>17, 
.40074 


.02050 
.92039 
.02028 
.92016 
.02005 
.919SH 
.91032 
.91971 
.91050 
.01943 
,01930 

01025 
,01914 

,91902 
,91391 
,91379 
.91803 
.91850 
,01845 
.91833 
.01822 

.91810 
.01799 
.91737 

.9177.' 
.^n7^M 
.9 175  J 
.91741 
.01720 
.91713 
.91706 

.91004 
.91033 
.01671 

,oim50 

,0104S 
.91031^ 
.91025 
.91013 
,9l(iOl 
.OL-iOO 
.01578 

.g^-joo 

.9155.5 
.91543 
,91531 
.91519 
.01503 
.91490 
.91434 
.91472 

.91461 
,91449 
.9143' 
.91425 
.91414 
.91402 
.91300 
.91373 
,91300 
.913.55 


34° 


Siue  Coavn 


Cosin    Sine 


aii° 


.40ti74 
,40700 
,40737 
,4^753 
,40780 
40300 
.40833 
,40300 
,409865 
,40913 
,40939 

,40900 
.40992 
.41010 
.110^5 
.41072 
,41098 
.41125 
.4115! 
.41178 
.41204 

.413.^1 
.412.57 
.41334 
41310 
.413.37 
,11303 
.41390 
.41410 
.41443 
.41469 

.4149E5 
.41522 

.41575 
.41602 
.41033 
,41655 
.41631 
.41707 
.41734 

,41760 
.41787 
.41813 
.41340 
,41S6§ 

Aim 


,91355 
.91343 
.01331 
,91319 
.91307 
,91295 
.91283 
,91273 
.913€0 
,91248 
,01236 

.01224 
.01212 
,91200 
.91183 
.9n70 
.91104 
.31152 
.91140 
,91123 
.91110 
.91104 
.01092 


GO 
50 
58 
57 
50 
55 
54 
53 
52 
51 
60 

49 
43 
47 
46 
45 
H 
43 
42 
41 
40 

39 
33 

.91080  37 

.01063  30 

,91050  35 

.01044 

.91032 

,91020 

.9100« 

.90900 


.41072 
,41993 

.42024 
.42051 
.i20^" 
,42104 
.42130 
.42150 
,42!B3 
.42209 
.42335 
.42202 


Comn  \  Bine 


.90934 
,90972 
.tH)000 
.00918 
.90930 
.90024 
.90931 
.90890 
.90Sfi7 
.908751 

.9086S 
.90eSl 
.90839 
.90326 
.TOSH 
,90«0? 


!4l9l5  iKJ700 
.41945  .9077'^ 


.907611 
.90753   16 


.90741 
.90729 
,90717 
.90704 
.90*392; 
.90030 
.OOOSS 
.90655, 
.90043 
.90031 
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g5° 


Sine  Oosia 


,42262 

,43315 
.4^341 
.433^7 
.t23'.H 
.■t312r} 
.42411! 
.43473 
.424fl9 
,42535 

.42552 
.4257S 
.42004 
.■1303! 
.42G57 
.43fiS3 
.4270E1 
.4273t! 
.42702 
.42788, 

.43S15  . 
.42^1 
A2m7 
.42SP4 
43920 
42946 
.42973; 
.42909 
.43025 
13051 

.41^077 
.43104 
43130 
.43l;t<i 

.4320^ 
43335 
.43201 
.43287 
.43313 

.43340; 

.433^2 
,45418 
4341.^ 
43471 
43407 
,43523, 
43540 
43575 

43002 
43028 
43554 
435^0 
43700 
43733 
43759 
43785 
43J§11 
43^?t37 


.90tj31 
.DOillS 
JOOOii 
.00.5f)4 
.OOoSi 
.9Qo6t+ 
,90557 
.90545 
»90533 
.90520 
,90507 

.TO49ft 
.00483 
,90470 
.004581 
.9044(1 

mm 

,W421 

.oosot; 

.003S3, 

,90371 
9035S 
,a034fi 
.90334 
.0032 
.90309 
.90-206 
.90284 
,90371 

.9024fi 
.90233, 
9023 
.90208 
.90190 
.90183 
90171 
.OOl^S 
.Wl4ii 
.i)0l33 

.00120 
.90108, 
.00005 
.900*2 
.90070 
W057 
y0045 
00032 
90019 
90007 
89094 
890S1 


89956 
S9943 


89905 

mm2 

89879 


«(1" 


Sine   Coain 


.43837 
.43863, 
43.SS9 
4391(i 
43942 
.439IJ8 
.41994 
.44020 
.410411 
.440: 
.4^09.S 

.44134 
,4415 
.44177 
.44203 
.41329 
,44255 
.442.S1 
.44307 
.44333 
.44350^ 

.443S5 
.44411 
,44437 
.44464 
44490 
445irT 
44543 
,445[JS 
44594 
44^30 


44046 
44f^72 
446aS 
44724 
44730 
44776 
44802 
44.'J38 
'.44H54 
,44880 

.44932 
.44958 
.44984 
.45010 
.4.503fl 
,4SOft2 
.4508?^ 
.45114 
.45140 

.451[>e3 
.451  [12 
.452  l.S; 
.45243 
.452f59 
.45305 
.4.'>321 
.45347 
.45373 
,45399 


Ct^tin  Sine 
63^ 


.89879 
.89867 
.i^9H54 
.89841 

.89S28 

.8081  tj 

.1^9803 

.S9700 

M777 

,89764 

,80753 

.89730 

.89726 

.8^7 

.89700 

.!^96S7 

.89674 

..S9fl[52 

mm'} 

.89636 
.89623 

.89610 
,89,197 
.S95«4 
.89571 

.8954^ 
.^9532 
.80519 

.89493 


^7° 


l^iuG   Cosin 


.89480 
.89467 
,^9454 
.894^11 
.894381 
.89415 
,S»402 


.69376 
.89303 
.803M 
.S9337 
,89334 
89311 
.89298 
.89385 
.80272' 
.89259" 
.80345 
.S0332 
.89219 
.8020rj 
.89193 
.89180 
.891G7 
,89153 
.89140 
,8^*13 
.89114 
.80101 


.45390 
.45425 
4545 
45477 
.45503 
.45539 
.45554 
.4^1580 
.45601V 
.45ri32 
.45+^5S 

,456^1 

.4.5710 
.4573<1 
.4.5762 

.4A787 
.J5m:^ 

!4.j--". 
.4 ,1.^1  H 
,45917 

.45942 
.459'3,8 
.45994 
.4(;O30 
.4G'J46 
,46072 
.46097 
4R123 
.4tiH9 
46175 


.80101 
.890^7 

.89074 
.89061 
,8904  S 
.89035 
.89031 
.8900S 
.88995 
.8h^81 
..^Sl.)i^.*l 

.ssfi.q.i 

.8H92S 
.8S<!i5 
,8800^> 


ZH" 


Shio  Coflifi 


46201 
.46336 
.4G2S2 

.4tI378 
.4fl304 

Amm 
Af^as] 

.46407 
.40433 

.4^458 
46484 
405 10 
16536 

,465m 
,46SS7 

Amis 

46^39 

46(561 
,46n90 

46716 

411743 
4tS767 

4ii793 
46819 

4^84-1 
4fiS70 

4F3921 

4fS04: 


.SS^4S 

.8883,1 

,85-322 
.88808 
,SS795 
,88782 

.887G8 
.88755 

.&S741 
.88728 
.88715 
88701 

.88688 
.88671 
.SSMl 
.SH«47 
,Sg634 


.SH607 

.8S5S0 
.885tj6 

.88553 
,88539 
,8^36 

,8.8512 
,884«K' 
,SJj4S5 
,88472 
,8.?44S 
,88445 
,88431 
,.^84 17 
,88404 
88;i90 
,8,8377 
.883  [i3 
H,S340 
.8S33i; 
88332 
8830S 
88305 


62° 


.46047 
,4M973 
.4{i99lJ 
,47024 
.47050 
.47076 
.47101 
,47127 
,47l,'>3 
,47178 
,47304 

.47229 
.17255 

,47281 
,17306 
.17332 
473-S8 
47385 
1740^^ 
,4743 
.47460 

.47486 

.4751 

.47537 

.47302 

.4758-8 

.47614 

,47039 

.476r>.1 

.476SM 

.477lrt 

,47741 
.47707 
,47793 
.47818 
.47844 
.47869 
.47895; 
.17920 
.47946 
.47971 

.47997 
,48022 
,4W48 

.4Sl.jn 
.4817,1 
.4S2n| 
.48320 
,48352 
,48277 
-48303 
.48328 
.48354 

.4s4r.li.' 
.4.H4:!r 
.4^456 
.48481 


.883&.1 
.88281 
.882f^7 
.881^54 
.88240 
.8SJL*fj 
,8.*^2I3 
.88199 
.88E85 
.88172 
,8815^ 

.88144 
.88130 
.S.\U7 

..^■■.Hl':' 

,8SU7;i 
,880^3 
,880-48 
,S-S0,^4 
,^8620 

.8.S0I.16 
.8?j03 
.87979 
.870fi5 
.&7951 
.87937 
.87923 
.871M)0 
.87S9{! 
.87882 

,R78R«! 
.87854 
.87.540 
.87826 
,87812 
,87798 
,87784 
,87770] 
,87756 
,87743 

.87729 
87715 
87701 

H7i^^7 


2»° 


Sitie  C.'oain 


.48481 
.*,850<i 
.48532 

,48557 
.4N.583 
,4yf308 
,48isJ4 
.48659 
.4Sr>84 
.48710 
.48735 

.48791 

.4'?786 
.+H^I1 

.  t?iSii2 
1 .4.S>^S,S 
.4,8913 

|.48g,18 
.48064 
1 .4.S98H 

1,49014 
.49040 
,49065 
.40090 
,49110 
.49141 
.49160 
.49192 
.40317 
,4024? 


.8713-11 

.H7617 

.87ijn3 

.87,189 

,87575 

.8756 

.87546 

.87532 

.s7.->!!=! 

.v7r/U 

..S74!jri 

.8747fi 

.874(12 


Coaiu    Sine 
61° 


.49368 
.40293 
,49318 
.49344 
49309 
49394 
49410 
49445 
49470 
49495 

.49521 
.49546 
.49ri7l 

.  y^'iW 
.l'ii".2; 
.1111. 1' 


.87463 
.87448 
.87434 
.S7430 
.8740^1 
87301 
87,377 
.873^3 
J7349 
.87335  51 
.87321  50 

,87300  49 

.87292  48 

,87378  47 

.872fS4  46 

.87250  45 

.87235  44 

,87321  43 

.87207  43 

.87193  41 

,87178  40 


1 .49^197  ,86777 


.19733 
.4'i748 

.49773 

.1979H 

.4983 

AVt.^V} 

.49S74 

.49899 

.49324 

,49950 

,4tl9':'5 

.50000 


.87164 
.87150 
.87131^ 
.87121 
.87107 
.87093 
.87070 
.870(i4 
,87060 
870^6 

.87021 
.87007 
869B3 
.36973 
,86904 
.86949 
,86035 
.8(5921 
.86900 
.}i6892 

.86878 
.86863 
.86S49 
•^''^'^34 
^'i^30 
.■^■';'^05 
..S679 


.86762 
.86748 

.86733 
,86719 
.8(J04 

.86f390 

.mm 

.86ij46 
,86633 
,8^5017 
86603 


l^naiu    Bine 
60'^  _ 
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30° 

^r 

3a° 
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Co  sin 

Sine 
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.SOOOC 
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,84805 
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1.29641 

.80020 

1.24069 

.82923 

lilOG9t 

20 

41 

.74492 

1.34242 

.77242 

l.?^ft(55 

.80067 

1.24896 

.82972 

1.20522 

19 

42 

.74538 

1.34160 

.77289 

i.i.'^*;jB5 

.80115 

1.24820 

.83022 

1.20*61 

18 

43 

.74583 

1.34079 

.77336 

1.2^k:j07 

.80163 

1.24746 

.83071 

1.20379 

17 

44 

.74628 

1.33998 

.77282 

1.2^^229 

.80211 

1.24672 

.83120 

1.2030H 

16 

45 

.74674 

1.33916 

.77428 

1.?^H52 

.80258 

1.24697 

.88169 

1.20237 

15 

46 

.74719 

1.33825 

.77475 

\,iwn 

.80300 

1.24523 

.83218 

1.2016« 

14 

47 

.74764 

1.33754 

.77621 

l.S^'i^97 

.80864 

1.24449 

.83268 

1.20095 

13 

48 

.74810 

1.33673 

.77668 

1.2v.^l9 

.80402 

1.24375 

.88317 

1.20024 

12 

49 

.74855 

1.33592 

.77616 

l.£s*-42 

.80450 

1.24301 

.83366 

1.19063 

11 

50 

.74900 

1.33511 

.77661 

1.1^764 

.80498 

1.24227 

4^3415 

1.19882 

10 

51 

.74946 

1.33430 

.77708 

1.28687 

.80546 

1.24153 

.83466 

l.liiSll 

9 

52 

.74991 

1.33349 

.77754 

1.28610 

.P0694 

1.2-1  r>79 

.83614 

1.1SI740 

8 

53 

.75037 

1.33268 

.77801 

1.28533 

.80642 

1.24005 

.83664 

1.  ^>MfJO 

7 

54 

.75082 

1.33187 

.77848 

1.2S456 

.80690 

1.23^*31 

.88613 

1.1^590 

6 

55 

.75128 

1.33107 

.77806 

1.28879 

.80738 

l.Sl.^.'W 

.88662 

1.1HSJ8 

5 

56 

.75173 

1.33026 

.77941 

1.28302 

.80786 

1.237S4 

.88712 

1.1^)457 
1.11*3^7 

4 

57 

.75219 

1.32946 

.77988 

1.28226 

.80834 

1.23710 

.88761 

3 

58 

.75264 

1.32865 

.7803'} 

1.28148 

.80882 

1.2;j'.17 

.83811 

l.lO.'Jlf 

2 

50 

.75310 

1.32785 

.7808? 

1.28071 

.80930 

1.235^i3 

.88860 

1.I&24A 

1 

60 

.75355 

1.32704 

.78129 

1.27994 

.80978 

1.23^90 

.83910 

1.1&175 

0 

9 

CotanK 

Tang 

CotanK 

Tang 

Cotang  Tang 

Cotang 

Tann 

9 

SS**     1 

M°      1 

61* 

50* 

NATURAL  TANGENTS  AND  COTANGENTS.     681 


# 

40** 

41- 

42* 

43« 

/ 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

0 

.83910 

Li.::r. 

.80929 

1.15037 

.90040 

1.11061 

.93252 

1.07237 

60 

1 

.83960 

lA'Mi)o 

.86980 

1.14909 

.90093 

1.10W6 

.93306 

1.07174 

59 

2 

.84009 

1A90A5 

.87031 

1.14902 

.90146 

1.10931 

.93360 

1.07112 

58 

8 

.84059 

l.l.^nrS4 

.87082 

1.14834 

.90199 

1.10867 

.93415 

1.07049 

57 

4 

.84108 

lJJvS04 

.87133 

1.14767 

.90261 

1,10m 

.93469 

1.06987 

66 

5 

.84158 

IJSiSM 

.87184 

1.14699 

.90304 

1.10737 

.93524 

1.06925 

55 

6 

.84208 

1.1^754 

.87236 

1.14632 

.90367 

1.10672 

.93578 

1.06862 

54 

7 

.84258 

1.J.W84 

.87287 

1.14566 

.90410 

1.10607 

.93633 

1.06800 

53 

8 

.84307 

l.ts^iH 

.87338 

1.14498 

.90463 

1.10643 

.93688 

1.06738 

62 

9 

J4357 

iJ^rAi 

.87389 

1.14430 

.90616 

1.10478 

.93742 

1.06G76 

51 

10 

.84407 

umii 

.87441 

1.14363 

.90669 

1.10414 

.93797 

1.06613 

50 

11 

.84457 

U'^tM 

.87402 

1.14^96 

.90621 

1.10349 

.93852 

1.06551 

49 

12 

.84507 

i.jsm 

J?7543 

1.MJ29 

.90674 

l.jn:S5 

.93906 

1.06489 

48 

13 

.84556 

l.M-'M 

.87505 

1.1 41 '12 

.90727 

l.li>-20 

.93961 

1.06427 

47 

14 

.84606 

1.1  s  194 

.87646 

1.1-50^ 

.90781 

1.1 1^156 

.94016 

1.06365 

48 

15 

.84656 

1.1S125 

.87008 

1.11  ?8 

.90834 

i.r^w 

.94071 

1.06303 

46 

16 

.84706 

1.1H056 

.87749 

1.1   1 

.00887 

1.3  27 

.94125 

1.06241 

44 

17 

.84756 

1.17956 

.87801 

l.l   J4 

.90940 

l.(  53 

.94180 

1.06179 

43 

18 

.84806 

1.17^16 

.87852 

l.i.v^;8 

.90993 

l.(  M 

.94235 

1.06117 

42 

19 

.84856 

1.1?!^  46 

.87904 

1.13761 

.91046 

l.<  H 

.94290 

1.06066 

41 

20 

.84906 

1.17777 

.87955 

1.13004 

.91099 

ix   to 

.94345 

1.06994 

40 

21 

.84056 

1.17708 

.88007 

1.13627 

.91153 

l.(  06 

.94400 

1.05932 

80 

£2 

.85006 

1.17638 

.88059 

1.13561 

.91206 

l.(   42 

.94456 

1.05870 

38 

23 

.85057 

1.17569 

.88110 

1.13494 

.91259 

l.(  78 

.94510 

1.05809 

37 

24 

.85107 

1.17500 

.88162 

1.13428 
1.13361 

.91313 

l.(   14 

.94565 

1.05747 

36 

25 

.85157 

1.17430 

.88214 

.91366 

l.(  60 

.94620 

1.06685 

35 

26 

.85207 

1.17861 

.88265 

1.13295 

.91419 

1.4   86 

.94676 

1.05624 

34 

27 

.85257 

1.17292 

.88317 

1.13228 

.91473 

l.(   22 

.94731 

1.05562 

33 

28 

.85308 

1.17223 

.88369 

1.13102 

.91526 

l.(   58 

.94786 

1.05501 

32 

29 

1.17154 

.88421 

1.13096 

.91580 

l.(^  95 

.94841 

1.05439 
1.05378 

31 

30 

.85408 

1.17085 

.88473 

1.13029 

.01633 

1.LKN31 

.94896 

30 

31 

.85458 

1.17016 

.88524 

1.12963 

.91687 

1.09067 

.94952 

1.05317 

29 

32 

.85509 

1.16947 

.88570 

1.12897 

,91740 

1.09003 

.95007 

1.05255 

28 

33 

.85559 

1.16878 

.88628 

1.12831 

.91794 

1.08940 

.95062 

1.06194 

27 

34 

.85609 

1.16809 

.88680 

1.12765 

.91847 

1.08876 

.95118 

l.a'>133 

26 

35 

.85660 

1.16741 

.88732 

1.12699 

.91901 

1.08813 

.96173 

1.06072 

25 

36 

.85710 

1.16672 

.88784 

1.12633 

.91955 

1.08749 

.95229 

1.06010 

24 

37 

.85761 

1.16603 

.88836 

1.12567 

.92008 

1.08686 

.95284 

1.04949 

23 

38 

.85811 

1.16535 

.88888 

1.12501 

.92062 

1.08622 

.95340 

1.04888 

22 

39 

.85862 

1.16466 

.88940 

1.12435 

.92116 

1.08559 

.95395 

1.04827 

21 

40 

.85012 

1.16398 

.88992 

1.12369 

.92170 

1.08496 

.95451 

1.04766 

20 

41 

.85963 

1.16329 

.89045 

1.12303 

.92224 

iMm 

.95506 

1.047a5 

19 

42 

.86014 

1.16261 

.89097 

1.12228 

.92277 

l.<"js:sr.9 

.95502 

1.04644 

18 

43 

.86064 

1.16192 

.89149 

1.12172 

.92331 

1.(i...i.ij6 

.95618 

1.01583 

17 

44 

.86115 

1.16124 

.89201 

1.12106 

.92385 

l.-J«3 

.95673 

1.04522 

16 

45 

.86166 

1.16056 

.89253 

1.12041 

.92439 

1.  179 

.95729 

1.04461 

15 

46 

.86216 

1.159S7 

.89306 

1.11975 

.92493 

1.  E16 

•^^I?? 

1.04401 

14 

47 

.86207 

1.15919 

.89358 

1.11909 

.92547 

1.  r,z 

.95841 

1.04340 

13 

48 

.86318 

1.15851 

.89410 

1.11844 

.92601 

1.     I'^O 

.96897 

1.04279 

12 

49 

.86368 

1.15783 

.89463 

1.11778 

.92655 

1.  .  JL'7 

.96952 

1.04218 

11 

50 

.86419 

1.15715 

.89515 

1.11713 

.92709 

l.OT-JM 

.96008 

1.04158 

10 

51 

.86470 

1.15647 

.89567 

1.11648 

.92763 

1.0T801 

•S^ 

1.04097 

9 

52 

.86521 

1.15579 

.89620 

1.11582 

.92817 

1.07738 

.96120 

1.04036 

8 

53 

.86572 

1.15511 

.89672 

1.11517 

.92872 

1.07676 

.96176 

1.03976 

7 

54 

.86623 

1.15443 

.89725 

1.11452 

.92926 

1.07613 

.96232 

1.03915 

6 

55 

.80674 

1.15375 

.89777 

1.11387 

.92980 

1.07560 

.96288 

1.03855 

5 

56 

.86726 

1.15303 

.89830 

1.11321 

.93034 

1.07487 

.96344 

1.03794 

4 

57 

.86776 

1.15240 

.89883 

1.11256 

.93088 

1.07425 

.96400 

1.01734 

3 

58 

iM»27 

1.15172 

.89935 

1.11191 

.93143 

1.07362 

.96457 

1.03674 

2 

59 

.86878 

1.15104 

.89988 

1.11126 

.93197 

1.07299 

.96513 

1.03613 

1 

60 

.86929 

1.15037 

.90040 

1.11061 

.93252 

1.07237 

.96569 

1.03553 

0 

/ 

/ 
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Tang 
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Tang 

Cotang 

Tang 

Cotang 

Tang 
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/ 

44* 

/ 

/ 

44*» 

/ 

/ 

44* 

/ 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

0 

1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

.96609 
.96625 
.96681 
.96788 
.96794 
.96850 
.96907 
.96963 
.97020 
.97076 
.97133 

.97189 
.97246 
.97302 
.97359 
.97416 
.97472 
.97629 
.97586 
.97643 
.97700 

1.03553 
1.03493 
1.03433 
1.03372 
1.03312 
1.03252 
1.03192 
1.03132 
1.03072 
1.03012 
1.02952 

1.02892 
1.02832 
1.027/2 
1.02713 
1.02653 
1.02593 
1.02533 
1.02474 
1.02414 
1.02356 

60 
59 
68 
57 
56 
55 
54 
53 
52 
51 
60 

49 
48 
47 
46 
46 
44 
43 
42 
41 
40 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

.97700 
.97756 
.97813 
.97870 
.97927 
.97984 
.98041 
.98098 
.98165 
.98213 
.98270 

.98327 
.98384 
.98441 
.98499 
.98660 
.98613 
.98671 
.98728 
.98786 
.98843 

1.02355 
1.02295 
1.02236 
1.02176 
1.02117 
1.02057 
1.01998 
1.01939 
1.01879 
1.01820 
1.01761 

1.01702 
1.01642 
1.01583 
1.01524 
1.01466 
1.01406 
1.01347 
1.01288 
1.01229 
1.01170 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
26 
24 
23 
22 
21 
20 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
62 
63 
54 
55 
56 
67 
68 
59 
60 

.98843 
.98901 
.98958 
.99016 
.99073 
.99131 
.99189 
.99247 
.99304 
.99362 
.99420 

.99478 
.99536 
.99594 
.99652 
.99710 
.99768 
.99826 
.99884 
.99942 
1.00000 

1.01170 
1.01112 
1.01053 
1.00994 
1.00935 
1.00876 
1.00818 
1.00769 
1.00701 
1.00642 
1.00583 

l.nor>25 

1.00Jy7 
1.00408 
1.003.^0 
1.00L?91 
1.0O?33 
1.^175 

i.wn6 

l.nTO58 
1.0(K100 

20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 

8 
7 
6 
5 

4 
3 
2 

1 
0 

' 

Cotang 

Tang 

/ 

/ 

Cotang 

Tang 

/ 

9 

Cotang 

Tang 

/ 

46* 

4o» 

45* 
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TABLE   XVI. — SQUARES,  CUBES,  SQUARE  ROOTS. 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

1 

1 

1 

1.0000000 

1.0000000 

1.000000000 

2 

4 

8 

1.4142136 

1.2599210 

.500000000 

8 

9 

27 

1.7820508 

.1.4422496 

.383383888 

4 

16 

64 

2.0000000 

1.5874011 

.250000000 

5. 

25 

125 

2.2360680 

1.7099759 

.200000000 

6 

86 

216 

2  4494897 

1.8171206 

.166666667 

7 

49 

848 

2.6457518 

1.9129812 

.142857143 

8 

64 

512 

2.8284271 

2.0000000 

.125000000 

9 

81 

729 

8.0000000 

2.0600637 

.111111111 

10 

100 

1000 

3.1622777 

2.1544347 

.100000000 

11 

121 

1331 

8.3166248 

2.2289601 

.090909091 

12 

144 

1^8 

3.4641016 

2.2894286 

.063833833 

18 

169 

2197 

8.6055513 

2.3513847 

.076923077 

14 

196 

2744 

8.7416574 

2.4101422 

.071428671 

15 

m 

8375 

8.8729838 

2.4662121 

.066666667 

16 

266 

4096 

4.0000000 

2.6198421 

.062500000 

17 

289 

4913 

4.1231056 

2.6712816 

.058823529 

18 

824 

5832  • 

4.2426407 

2.6207414 

.065655566 

19 

861 

6859 

4.3588989 

2.6684016 

.052631679 

20 

400 

8000 

4.4721360 

2.7144177 

.050000000 

21 

441 

9261 

4.5825757 

2.7589243 

.047619048 

22 

484 

10648 

4.6904158 

2.8020393 

.045464546 

23 

629 

12167 

4.7958315 

2.8438670 

.043478261 

24 

576 

13824 

4.8989795 

2.8844991 

.041666667 

25 

625 

15625 

5.0000000 

2.9240177 

.040000000 

26 

676 

17576 

5.0990195 

2.9624960 

.038461538 

27 

729 

19683 

5.1961524 

8.0000000 

.037037037 

28 

784 

21952 

5.2915026 

8.0865889 

.035714286 

29 

841 

24389 

5.3851648 

S.iymi68 

.034482769 

80 

900 

27000 

5.4772256 

8.1072325 

.083333333 

81 

961 

29791 

5.5677644 

8.1413806 

.082268065 

82 

1024 

82768 

5.6568542 

8.1748021 

.031250000 

33 

1089 

35937 

5.7445626 

8.2076343 

.030303030 

84 

1156 

89304 

5.8309519 

8.2396118 

.029411765 

85 

1225 

42875 

5.9160798 

8.2710663 

.026571429 

86 

1296 

46656 

6.0000000 

8.3019272 

.027777778 

87 

1869 

50653 

6.0827625 

8.3822218 

.027027027 

88 

1444 

54872 

6.1644140 

8.3619754 

.026315789 

89 

1521 

50319 

6.2449980 

3.3912114 

.026641026 

40 

1600 

64000 

6.3245553 

8.4199519 

.025000000 

41 

1681 

68921 

6.4031242 

8.4482172 

.024390244 

42 

1764 

74088 

6.480740r 

8.4760266 

.023809524 

43 

1849 

79507 

6.5574386 

8.6033981 

.023266814 

44 

1936 

85184 

6.6332496 

8.5303483 

.022727273 

45 

2025 

91125 

6.7062039 

3.6668933 

.022222222 

46 

2116 

97336 

6.7828300 

3.5880479 

.021739130 

47 

2209 

103828 

6.8656546 

8.6068261 

.021276600 

48 

2304 

110592 

6.9282032 

8.6342411 

.020633333 

49 

2401 

117649 

7.0000000 

8.6693067 

.020406163 

50 

2500 

125000 

7.0710678 

3.6840814 

.020000000 

61 

2601 

132651 

7.1414284 

8.7084298 

.019607843 

52 

2704 

140608 

7.2111026 

8.7326111 

.019230769 

53 

2809 

148877 

7.2801099 

8.7662868 

.018867925 

54 

2916 

157464 

7.3484692 

8.7797631 

.018618619 

55 

8025 

166875 

7.4161985 

8.8029625 

.018181818 

56 

8136 

175616 

7.4833148 

8.8268624 

.017857143 

57 

8249 

185193 

7.5498344 

8.8485011 

.017643860 

58 

8364 

195112 

7.6157?31 

8.8706766 

.017241379 

59 

8481 

205379 

7.6811457 

8.8929965 

•  .016949153 

60 

3600 

216000 

7.7469667 

8.9148676 

.016666667 

61 

3721 

226981 

7.8102497 

8.9364972 

.016893443 

62 

3844 

238328 

7.8740079 

3.9578915 

.016129082 

683 
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12» 

13» 

14*'     1 

15-     1 

f 

9 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

~ 

^1256 

4.70463 

.23087 

4.33148 

.24933 

4.01078 

.26705 

3.73205 

"eo^ 

1 

^1286 

4.69791 

.23117 

4.32573 

.24964 

4.0a<)82 

.26826 

3.72771 

69 

2 

^1316 

4.69121 

.23148 

4.32001 

.24995 

4.00086 

.26867 
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60 

11 

.84457 

1.18404 

.87492 

1.14296 

.90621 

1.10849 

.93852 

1.06551 

49 

12 

.84507 

1.18834 

.87543 

1.14229 

.90674 

1.10285 

.93906 

1.06489 

48 

13 

.84556 

1.18264 

.87605 

1.14162 

.90727 

1.10220 

.93961 

1.06427 

47 

14 

.84606 

1.18194 

.87646 

1.14095 

.90781 

1.10156 

.94016 

1.06365 

48 

15 

.84656 

1.18125 

.87608 

1.14028 

.90834 

1.10091 

.94071 

1.06303 

46 

16 

.84706 

1.18055 

.87749 

1.13961 

.90887 

1.10027 

.94125 

1.06241 

44 

17 

.84756 

1.17986 

.87801 

1.13894 

.90940 

1.09963 

.94180 

1.06179 

43 

18 

.84806 

1.17916 

.87852 

1.13828 

.90993 

1.09890 

.94235 

1.06117 

42 

19 

.84856 

1.17846 

.87904 

1.13761 

.91046 

ijomi 

.94290 

1.06056 

41 

20 

.84906 

1.17777 

.87955 

1.13694 

.91009 

1X»770 

.94345 

1.06994 

40 

21 

.84056 

1.17708 

.88007 

1.13627 

.91153 

1.09706 

.94400 

1.05932 

80 

22 

.85006 

1.17638 

.88059 

1.13561 

.91206 

1.09642 

.94455 

1.05870 

38 

23 

.85057 

1.175G9 

.88110 

1.13494 

.91259 

1.09578 

.94610 

1.06809 

37 

24 

.85107 

1.17500 

.88162 

1.13428 
1.13361 

.91313 

1.09514 

.94565 

1.06747 

36 

25 

.85157 

1.17430 

.88214 

.91366 

1.09450 

.94620 

1.05685 

35 

26 

.85207 

1.17861 

.88265 

1.13295 

.91419 

1.09886 

.94676 

1.05624 

34 

27 

.85257 

1.17292 

.88317 

1.13228 

.91473 

1.09322 

.94731 

1.05562 

33 

28 

.85308 

1.17223 

.88369 

1.13162 

.91526 

1.09268 

.94786 

1.06601 

32 

29 

.85358 

1.17154 

.88421 

1.13096 

.91580 

1.09195 

.94841 

1.05439 
1.05378 

31 

30 

.85408 

1.17085 

.88473 

1.13029 

.91633 

1.09131 

.94896 

30 

31 

.85458 

1.17016 

.88524 

1.12963 

.91687 

1.09067 

.94952 

1.05317 

29 

32 

.85509 

1.16947 

.88576 

1.12897 

.91740 

1.09003 

.95007 

1.05255 

28 

33 

.85559 

1.16878 

.88628 

1.12831 

.91794 

1.08940 

.96062 

1.05194 

27 

34 

.85609 

1.16809 

.88680 

1.12765 

.91847 

1.08876 

.95118 

l.a')133 

26 

35 

.85660 

1.16741 

.88732 

1.12699 

.91901 

1.08813 

.95173 

1.05072 

25 

36 

.85710 

1.16672 

.88784 

1.12633 

.91955 

1.08749 

.96229 

1.05010 

24 

37 

.85761 

1.16603 

.88836 

1.12567 

.92008 

1.08686 

.95284 

1.04949 

23 

38 

.85811 

1.16535 

.88888 

1.12501 

.92062 

1.08622 

.95340 

1.04888 

22 

39 

.85862 

1.16466 

.88940 

1.12435 

.92116 

1.08559 

.95395 

1.04827 

21 

40 

.85012 

1.16398 

.88992 

1.12369 

.92170 

1.08496 

.95451 

1.04766 

20 

41 

.85963 

1.16329 

.89045 

1.12303 

.92224 

1.08432 

.95506 

1.04705 

19 

42 

.86014 

1.16261 

.89097 

1.12228 

.92277 

1.0S369 

.95502 

1.04644 

18 

43 

.86064 

1.16192 

.89149 

1.12172 

.92331 

1.08306 

.95618 

1.01683 

17 

44 

.86115 

1.16124 

.89201 

1.12106 

.92385 

1.08243 

.96673 

1.04622 

16 

45 

.86166 

1.16056 

.89253 

1.12041 

.92439 

1.08179 

.96729 

1.04461 

15 

46 

.86216 

1.159S7 

.89306 

1.11975 

.92493 

1.08116 

.95785 

1.04401 

14 

47 

.86267 

1.15919 

.89358 

1.11909 

.92547 

1.08053 

.95841 

1.04340 

13 

48 

.86318 

1.15851 

.89410 

1.11844 

.92601 

1.07990 

.95897 

1.04279 

12 

49 

.86368 

1.15783 

.89463 

1.11778 

.92655 

1.07927 

.95952 

1.04218 

11 

50 

.86419 

1.15715 

.89515 

1.11713 

.92709 

1.07864 

.96008 

1.04158 

10 

51 

.86470 

1.15647 

.89567 

1.11648 

.92763 

1.0T801 

.96064 

1.04097 

9 

52 

.86521 

1.15579 

.89620 

1.11582 

.92817 

1.07738 

.96120 

1.04036 

8 

53 

.86572 

1.15511 

.89672 

1.11517 

.92872 

1.07676 

.96176 

1.03976 

7 

54 

.86623 

1.15443 

.89725 

1.11452 

.92926 

1.07613 

.96232 

1.03915 

6 

55 

.80674 

1.15375 

.89777 

1.11387 

.92980 

1.07650 

.96288 

1.03855 

5 

56 

.86725 

1.15308 

.89830 

1.11321 

.93034 

1.07487 

.96344 

1.03794 

4 

57 

.86776 

1.15240 

.89883 

1.11256 

.93088 

1.07425 

.96400 

imiBi 

3 

58 

iJ6827 

1.15172 

.89935 

1.11191 

.93143 

1.07362 

.96457 

1.03674 

2 

59 

.86878 

1.15104 

.89988 

1.11126 

.93197 

1.07299 

.96513 

1.03613 

1 

60 

.86929 

1.15037 

.90040 

1.11061 

.93252 

1.07237 

.96569 

1.03563 

0 

/ 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

J 

49«     1 

48»     i 

47«     !l 

46'' 

CUBE  ROOTS,  AND  REOIPROCAUSi 


No. 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

550 

812481 

174676879 

28.6431806 

8.2876614 

J001788909 

560 

313600 

175610000 

23.6648191 

8.2426706 

.001786714 

561 

814721 

176558481 

23.6854386 

8.2474740 

.001782531 

663 

815844 

177504328 

83.7065892 

8.2528715 

.001779859 

568 

816969 

17ft453547 

23.7276210 

8.2572633 

.001776199 

564 

818096 

179406144 

23.7486842 

8.2621492 

.001778050 

565 

819225 

180362125 

23.7697286 

8.2670294 

.001760912 

566 

820356 

181321496 

23.7907545 

8.2719039 

.001766784 

567 

321489 

182284263 

23.8117618 

8.2'/6V';26 

.001763668 

568 

822624 

183250432 

23.8327506 

8.2816356 

.001760563 

569 

823761 

184220000 

2S.8587S09 

8.2864028 

.001757469 

670 

324900 

185193000 

23.8746728 

8.2918444 

.001754386 

571 

826041 

186169411 

23.8956068 

8.2961903 

.001751813 

572 

827184 

187149248 

23.9166215 

8.3010804 

.001748252 

578 

828329 

188182517 

23.9874184 

8.3058651 

.001745201 

574 

329476 

189119224 

23.9582971 
23.9791576 

8.3106941 

.001742160 

575 

830625 

190109375 

8.8155175 

.001730130 

576 

331776 

191102976 

24.0000000 

8.8203853 

.001736111 

577 

332929 

192100033 

24.0208243 

8.8251475 

.001788108 

578 

334084 

193100552 

24.0416306 

8.3299542 

.001730KM 

579 

335241 

194104539 

24.0624188 

8.3347553 

.001727116 

580 

836400 

195112000 

24.0831891 

8.8395609 

.001734138 

581 

837561 

196122941 

24.1039416 

8.8448410 

.001781170 

582 

888724 

197187868 

24.1246762 

8.3491256 

.001718813 

588' 

839889 

198155287 

24.1458929 

8.8589047 

.001715266 

584 

841056 

199176704 

24.1660919 

8.3586784 

.001713889 

585 

842226 

200201625 

24.1867732 

8.8684466 

.001700402 

586 

84a396 

201230056 

24.2074369 

8.8682095 

.001706485 

687 

314569 

202262003 

24.2280629 

8.8729668 

.001706578 

588 

345744 

203297472 

24.2487113 

8.8777188 

.001700680 

589 

346921 

204336469 

24.2693222 

8.8824653 

.0016977V3 

590 

848100 

205379000 

24.2899156 

8.88'^.9065 

.001694915 

591 

349281 

206425071 

34.3104916 

8.3919423 

.001698047 

592 

350464 

207474688 

24.3810601 

8.3966729 

.001680189 

598 

351649 

208527857 

24.3515913 

8.4013981 

.001686841 

594 

352836 

900584584 

24.3721152 

8.4061180 

.001688502 

595 

854025 

210644875 

24.8926218 

8.4108326 

.001680672 

596 

855216 

211708736 

24.4131112 

8.4155419 

.001677862 

597 

356409 

212776173 

24.4836834 

8.4202460 

.001675042 

598 

857604 

213847192 

24.4540885 

8.4349448 

.001678841 

599 

358801 

214921799 

24.4744765 

8.4396383 

.001660449 

600 

860000 

216000000 

24.4948974 

8.4848267 

.001666667 

601 

861201 

217081801 

24.5168013 

8.4890098 

.001668804 

602 

862404 

218167206 

24.5356883 

8.4486877 

.001661180 

608 

363609 

219256827 

24.5560583 

.001658875 

604 

364816 

220348864 

24.5764115 

8.4530881 

.001G556S9 

605 

366025 

221445125 

24.5967478 

8.4576906 

.001652893 

606 

367236 

222545016 

24.6170678 

8.4623479 

.001650166 

607 

368449 

223648543 

24.6378700 

8.4670001 

.001647446 

608 

369664 

224755712 

24.6576560 

8.4716471 

.001644787 

609 

370881 

S25866529 

24.6779254 

8.4762892 

.001642086 

610 

372100 

226981000 

24.6981781 

8.4809261 

.001639844 

611 

873321 

228099131 

34.7184142 

8.4855679 

.001686661 

612 

S74M4 

229220928 

24.7386338 

8.4901848 

.001688987 

613 

875769 

230346397 

24.7588368 

8.4948065 

.001681881 

614 

876996 

231475544 

34.7790234 

8.4994283 

.001626664 

615 

878225 

232608375 

34.7991935 

8.5040850 

.001626016 

616 

879456 

233744896 

34.8193478 

8.5086417 

.001628877 

617 

380689 

234885113 

34.8394847 

8.5132436 

.001680746 

618 

381934 

236029032 

34.8596058 

8.5178403 

.001618188 

619 

883161 

237176659 

24.8797106 

8.5224821 

.001616600 

620  , 

,884400 

238828000 

34.8997992 

8.5270189 

.001618008 

Q92 


TABLE  3CVI.— SQUARES,  CUBES,  SQUARE  ROOTS» 


Na 

6<|uArQs. 

esi 

885641 

638 

886884 

608 

888139 

634 

889376 

625 

890625 

636 

891876 

637 

893139 

638 

394384 

639 

395641 

630 

896900 

681 

898161 

683 

399434 

633 

400689 

634 

401956 

635 

403335 

636 

404496 

637 

405769 

638 

407044 

639 

406831 

640 

409600 

641 

410681 

643 

413164 

643 

413449 

644 

414736 

645 

416(^ 

646 

417316 

647 

418609 

648 

419904 

m 

431301 

650. 

433500 

651  1 

438801 

653  ^ 

435104 

658 

436409 

654 

437716 

665 

439035 

666 

480336 

657 

431649 

658 

433964 

6^ 

434381 

660 

435600 

661 

436921 

663 

488344 

668 

489569 

664 

440896 

665 

443325 

666 

443556 

667 

444889 

668 

446334 

669 

447561 

670 

448900 

671 

460341 

678 

461584 

678 

453939 

674 

484376 

675 

466635 

676 

486976 

677 

468839 

678 

459684 

679 

461041 

680 

463400 

681 

463761 

683 

466134 

Cubes. 


339483061 
840641848 
341804867 


345314876 
346491868 
247678153 


350047000 


353036137 
354840101 
356M7875 
357350456 
358474853 
359694072 
360917119 

963144000 
263874721 


865847707 


370840033 
272097792 
3r3359449 

274635000 
875894451 
377167808 
378445077 
379786364 
381011375 
382800416 


384890313 
286191179 

887496000 
288804781 
290117588 
8914a4347 
392764944 
394079635 
895408296 
296740963 
298077632 
299418309 

300763000 
303111711 
303464448 
804881317 
806183024 
807546875 
808916776 
810888783 
311666753 
813046889 

314483000 
315821341 
817214568 


Square 
Roots. 


84.9198716 
84.9399278 
84.9599679 
34.9799980 
85.0000000 
86.0199920 
26.0399681 
25.0599282 
25.0798724 

85.0998006 
86.1197184 
85.1396102 
85.1594913 
85.1793566 
85.1993063 
86.3190404 


35.3586619 
85.3784493 

85.3082213 
85.3179778 
25.3377189 
85.3674447 
85.3771651 


86.4165301 
26.4361947 
25.4558441 
25.4764784 

25.4950976 
25.6147016 
25.6342907 
25.5588647 
25.6784337 
86.5929678 


25.6320112 
25.6515107 
85.6709963 

35.6904658 
86.7099303 
85.7893607 
85.7487864 
85.7681975 
86.7875989 
35.8069758 
85.8863431 
25.8466960 
25.8650343 

85.8»43582 
85.9036677 


25.9423435 
,25.9616100 
26.9607621 
26.0000000 
26.0192387 


26.0576284 


26.0959767 
26.1161297 


CubeRootk 


8.5316009 
8.5361780 
8.5407501 
8.5453173 
8.5498797 
8.5544373 
8.5689899 
8.6635377 
8.5680807 

8.5726189 
8.5771523 
8.5816809 
8.5868047 
8.5907288 
8.5962380 
8.6997476 
8.6042585 
8.6087526 
8.6138480 

8.6177388 
8.6222318 
8.6267063 
8.6311830 
8.6366551 
8.6401826 
8.6445865 
8.6490437 
8.6534974 
8.6579465 

8.6623911 
8.6668310 
8.6712665 
8.6756974 
8.6801237 
8.6845456 
8.6889630 
8.6933759 
8.6977843 
8.7021883 

8.7065877 
8.71098^ 
8.7158734 
8.7197596 
8.7241414 
8.7286187 
8.7328918 
8.7372604 
8.7416246 
8.7469846 

8.7508401 
8.7546913 
8.7590383 
8.7683809 
8.7677192 
8.7720533 
8.7763830 
8.7807084 
8.7850296 
8.7893466 

8.7936593 
8.7979679 
8.8083781 


ReciprocaU. 


.001610806 
.001607717 
.001605186 
.001602564 
.001600000 
.001697444 
.001594896 
.001693357 
.001589835 

.001687803 
.001684786 
.001583378 
.001679779 
.001577287 
.001674808 
.001573337 
.001569859 
.001567398 
.001564945 

.001562600 
.001560062 
.001557638 
.001555310 
.001558795 
.001550388 
.001547968 
.001545595 
.001643810 
.001540688 

.001538462 
.001536098 
.001538743 
.001531894 
.001539058 
.001536718 
.001534390 
.001532070 
.001519757 
.001517451 

.001515152 
.001512859 
.001510574 
.001508296 
.001606024 
.001603759 
.001501503 
.001499250 
.001497006 
.001494768 

.001492537 
.001490313 
.001488095 
.001485884 
.001483680 
.001481481 
.001479290 
.001477105 
.001474926 
.0014T3754 

.001470588 
.001468429 
.001466976 


693 


CfUBE  ROOTS,  AND  RECIPROCALS. 


No. 

Squares. 

Cubes. 

igjr 

Cube  Roots. 

Reciprocals. 

683 

466489 

318611987 

26.1342687 

8.8066722 

.001464199 

684 

467866 

820013504 

26.1583937 

8.8106681 
8.8151698 

.001461968 

685 

469225 

821419125 

26.1725047 

.001450654 

686 

470596 

322828866 

26.1916017 

8.8194474 

.00145T?26 

687 

471969 

8S4242708 

26.2106848 

8.8287807 

.001456604 

688 

473844 

325660672 

26.2297541 

8.8280099 

.001463488 

689 

4747S1 

827082769 

26.2488095 

8.8322860 

.001451879 

690 

476100 

828509000 

26.2678511 

8.8865559 

.001440275 

691 

477481 

829939371 

26.2868789 

8.8408287 

.001447178 

602 

478864 

331373888 

26.3068929 

8.8450864 

.001445087 

693 

480249 

382812557 

26. 32^48932 

8.8493440 

.001448001 

694 

481636 

834255384 

26.3438797 

8.8585986 

.001440022 

695 

483025 

335702375 

26.3628627 

8.8578489 

.001488849 

696 

484416 

387158536 

26.8818119 

8.8620952 

.001486782 

697 

4a'>809 

838606873 

26.4007676 

8.8668375 

.001484720 

698 

487204 

810068392 

26.4196896 

8.8705767 

.001482665 

699 

488601 

841532090 

26.4386061 

8.8748099 

.001480615 

700 

490000 

843000000 

26.4575131 

8.8700400 

.001428571 

701 

491401 

344472101 

26.4764046 

8.8832661 

.001426584 

702 

492804 

345948408 

26.4952826 

8.8874882 

.001424601 

703 

494209 

847428927 

26.5141472 

8.8917063 

.001422476 

704 

496616 

348913664 

26.5329988 

8.8959204 

.001420456 

705 

497025 

850102625 

26.5618861 

8.9001304 

.001418440 

706 

498436 

851895816 

26.6706605 

8.9048366 

.001416481 

707 

499849 

853893243 

26.5894716 

8.9065387 

.001414427 

706 

501264 

354894912 

26.6062694 

8.9127869 

.001412429 

709 

602681 

856400829 

26  6270589 

8.9169311 

.001410487 

710 

504100 

857911000 

26.6468252 

8.9211214 

.001406451 

711 

505521 

359425431 

26.6645833 

8.9253079 

.001406470 

712 

506944 

360944128 

26.6883281 

8.9294902 

.001404^ 
.001402525 

713 

508860 

362467097 

26.7020598 

8.9836687 

7:4 

509796 

368994344 

26.7207784 

8.9878483 

.001400560 

715 

511225 

865525875 

26.7394889 

8.9420140 

.001396601 

716 

512656 

367061696 

26.7581763 

8.9461809 

.001d96&48 

717 

514089 

368601818 

26.7768557 

8.9503488 

.001894700 

718 

515524 

370146232 

26.7955220 

8.9545029 

.001392758 

719 

516961 

871694959 

26.8141754 

8.0686681  ' 

.001390821 

720 

518400 

373248000 

26.8828157 

8.0628005 

.001388889 

721 

519841 

874805361 

26.8514432 

8.0660570 

.U01886968 

722 

521284 

376367048 

26.8700577 

8.0711007 

.001885042 

72^ 

522729 

377988067 

26.8886598 

8.0752406 

.001888120 

724 

524176 

379503424 

26.9072481 

8.0708766 

.001881215 

725 

525625 

881078125 

26.9258240 

8.0885069 

.001379310 

726 

527076 

382657176 

26.9448872 

8.0876873 

.001377410 

727 

528529 

384240588 

26.9629375 

8.0017620 

.001875616 

728 

529984 

885828352 

26.9814751 

8.0058820 

.001373626 

729 

531441 

387420489 

27.0000000 

0.0000000 

.001371742 

780 

632900 

889017000 

27.0185122 

0.0041184 

.001369663 

731 

534361 

890617891 

27.0370117 

0.0062220 

.001367969 

732 

535824 

892223168 

27.0554965 

0.0128288 

.001866120 

733 

537289 

893882837 

27.0789727 

0.0164800 

.001364256 

734 

538756 

395446904 

27.0924344 

9.0205298 

.001862396 

735 

540225 

397065875 

27.1108884 

0.0246289 

.001860644 

786 

541696 

898688256 

27.1293199 
27.1477489 

9.0287149 

.001858606 

787 

643169 

400815553 

0.0828021 

.001366862 

738 

644644 

401947272 

27.1661564 

0.0368857 

.001356014 

739 

646121 

403583419 

27.1845544 

0.0400665 

.001368180 

740 

647600 

405224000 

2^.2029410 

0.0450410 

.001861851 

741 

549081 

406869021 

27.2218162 

0.0491142 

.001349628 

742 

550564 

408518488 

27.2396769 

0.0581881 

.001847700 

748 

662049 

410172407 

27.2580268 

0.0672482 

.001845896 

744 

411880784 

27.2768684 

9.0618096 

.001844066 

694 


TABLE  XVI.— SQUARES,  CUBES,  SQUARE  ROOTS, 


Ka 

Squares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

745 

656025 

413493625 

27.2946881 

9.0668677 

.001342282 

746 

556516 

416160936 

27.3130006 

9.0694220 

.001340483 

747 

558009 

416832728 

27.3313007 

9.0784726 

.001388688 

748 

559504 

418606992 

27.3495887 

9.0775197 

.001386898 

748 

561001 

420189749 

27.3678644 

9.0816631 

.001835113 

756 

562500 

421875000 

27.3861279 

9.0656030 

.001338333 

761 

564001 

423564751 

27.4043792 

9.0696392 

.001331658 

752 

566504 

425259006 

27.4226184 

9.0936719 

.001329787 

753 

567009 

426957777 

27.4406456 

9.0977010 

.001828021 

754 

568516 

428661064 

27.4590604 

9.1017266 

.001326260 

755 

570025 

430368875 

27.4772638 

9.1067485 

.001324603 

756 

571586 

432061216 

27.4954542 

9.1097669 

.001322751 

757 

578049 

433798093 

27.5136330 

9.1137818 

.001321004 

758 

574564 

435519512 

27.5317998 

9.1177931 

.001319261 

759 

576081 

437245479 

27.5499546 

9.1218010 

.001317528 

760 

577600 

488976000 

27.5680975 

9.1258063 

.001315789 

76t 

579121 

440711081 

27.5862284 

9.1296061 

.001314060 

762 

680644 

442450728 

27.6043475 

9.1388034 

.001312836 

768 

582169 

444194947 

27.62;!4546 

9.1377971 

.001310616 

764 

583696 

445943744 

27.6406499 

9.1417874 

.001806901 

765 

585225 

447697125 

27.6586334 

9.1457742 

.001807190 

766 

586756 

449455096 

27.6767050 

9.149'i"676 

.001305483 

767 

588289 

451217663 

27.6947648 

9.1537375 

.001808781 

768 

589824 

452984832 

27.7128129 

9.1577139 

.001802083 

769 

591361 

454756609 

27.7308492 

9.1616869 

.001800890 

770 

592900 

456583000 

27.7488739 

9.1666666 

.O01298'/01 

771 

594441 

458314011 

27.7668868 

9.1696226 

.001297017 

772 

695984 

460099648 

27.7848880 

9.1785852 

.001295837 

778 

597529 

461889917 

27.8028775 

9.1775445 

.001298661 

774 

599076 

463684824 

27.8206655 

9.1815003 

.001291990 

775 

600625 

466484375 

27.8888218 

9.1854627 

.001290323 

rr6 

602176 

467288576 

27.8567766 

9.1894018 

.001288660 

777 

603729 

469097433 

27.8747197 

9.1983474 

.001287001 

778 

605284 

470910952 

27.8926514 

9.19^897 

.001285347 

779 

606841 

472729139 

27.9105715 

9.2012286 

.001283697 

780 

608400 

474552000 

27.9284801 

0.2051641 

.001282051 

781 

609961 

476379541 

27.9463772 

9.2090962 

.001280410 

782 

611524 

478211768 

27.9642629 

9.2130250 

.001278772 

788 

613089 

480018687 

27.9821372 

9.2169506 

.001277189 

784 

614656 

481890304 

28.0000000 

9.2206726 

.001275610 

785 

616225 

483736625 

28.0178616 

9.2247914 

.001273886 

786 

617796 

485587656 

28.0356915 

9.2287068 

.001272265 

787 

619369 

487443408 

28.0536203 

9.2326189 

.001270648 

788 

620944 

489303872 

28.0713377 

9.2865277 

.001269086 

789 

622521 

491169069 

28.0691438 

0.2404333 

.001267427 

790 

624100 

493039000 

28.1069386 

9.2443355 

.001265823 

791 

625681 

494918671 

28.1247222 

9.2482344 

.001264228 

792 

627264 

496'/93U88 

28.1424946 

9.2521300 

.001262626 

798 

628849 

498677257 

28.1602557 

9.2560224 

.001261084 

794 

630436 

500666184 

28.1780066 

9.2599114 

.001259446 

796 

632025 

502459875 

28.1957444 

9.2637973 

.001257862 

796 

633616 

504358336 

28.2134720 

9.26V6Yy6 

.001256281 

797 

635209 

506261573 

28.2311884 

9.2716592 

.001254705 

796 

636804 

506169592 

28.2488938 

9.2754352 

.001253133 

799 

688401 

610082399 

28.2665881 

9.2793061 

.001251664 

800 

640000 

519000000 

28.2812712 

9.2831777 

.001250000 

801 

641601 

618922401 

28.3019434 

9.2870440 

.001248489 

802 

648204 

515849606 

28.3196045 

9.2909072 

.001246883 

808 

644809 

617781627 

28.3372546 

9.2947671 

.001216880 

S04 

646416 

519718464 

28.3548938 

9.2986239 

.001243781 

805 

648025 

521660125 

28.3725219 

9.3024775 

.001242236 

806 

649636 

523606616 

28.3901391 

9.3063278 

.001240696 

695 


OXTBB  BOOTS,  AND  BECIPKOCALS. 


Ka 

Squares. 

Cubes. 

Square 
Boots. 

CubeBoota. 

Beclprocias. 

807 

691240 

625667048 

28.4077454 

9.8101750 

.0012391(7 

806 

652864 

B27514112 

28.4253408 

0.3140100 

.001287«!M 

800 

654481 

620475120 

28.4429258 

0.3178580 

.001286094 

810 

656100 

531441000 

28.4604989 

0.3216075 

.001234668 

811 

657721 

633411781  . 

28.4780617 

0.3255320 

.001238046 

812 

650344 

685387328 

28.4956187 

0.3203684 

.001231687 

818 

660960 

637367707 

28.5131540 

0.3331016 

.001280012 

814 

662506 

530353144 

28.5306852 

0.3370167 

.001228601 

816 

664225 

641843375 

28.5482048 

0.3406386 

.001226094 

810 

665866 

613388406 

28.5657187 

0.3446976 

.001226490 

817 

667480 

645388518 

28.58»^10 

0.3484731 

.001228990 

818 

669124 

647843432 

28.6006003 

0.3522857 

.001222494 

810 

670761 

540853260 

28.6181760 

0.3560952 

.001221001 

820 

672400 

551368000 

28.6356421 

0.3500016 

.001219612 

821 

674041 

553387661 

28.6580976 

^0.3687040 

.001218027 

822 

675684 

555412248 

28.6705424 

0.3675051 

.001216645 

828 

677320 

557441767 

28.6879766 

0.3713022 

.001215067 

824 

678976 

559476224 

28.7054002 

0.3750063 

.001218592 

826 

680625 

661515625 

28.7228182 

0.3788878 

.001212121 

826 

682276 

563559976 

28.7402157 

0.8826752 

.001210654 

827 

683929 

665609288 

28.7576077 

0.8864600 

.001200190 

828 

685584 

567668552 

28.7740801 

0.8002410 

820 

687^41 

669722780 

28.7023601 

0.3040206 

.001206873 

830 

688900 

671787000 

28.8007206 

0.3077064 

.001204819 

881 

690561 

578856101 

28.82707t)6 

0.4015601 

.001208869 

832 

692324 

675980368 

28.8444102 

0.4053387 

.001201928 

883 

693880 

678009537 

28.8617394 

0.4001054 

.001200480 

884 

695556 

580093rO4 

28.8790582 

0.4128600 

.001199041 

885 

697225 

682182875 

28.8963666 

0.4166207 

.001197605 

886 

698896 

584277056 

28.9136646 

0.4208878 

.001196178 

837 

700569 

586376253 

28.0809523 

0.4241420 

.001194743 

888 

702244 

588480472 

28.9482207 

0.4278966 

.001198817 

830 

703921 

690589710 

28.0654967 

0.4316423 

.001101806 

840 

705600 

692704000 

28.9827585 

9.4353880 

.001100476 

841 

707281 

594823321 

29.0000000 

0.4391307 

.001180061 

842 

708964 

696047688 

29.0172368 

0.4428704 

.001187648 

843 

710649 

699077107 

29.0344628 

0.4466072 

.001186240 

844 

712336 

601211584 

29.0516781 

0.4503410 

.001184884 

845 

714025 

603351125 

29.0688887 

9.4540710 

.001188482 

846 

715716 

605495736 

29.0860791 

0.4577000 

.001183068 

847 

717409 

607645423 

29.1082644 

0.4615240 

.001180688 

848 

719104 

609800192 

29.1204806 

9.4652470 

.001179245 

840 

720801 

611960049 

20.1376046 

9.4680661 

.001177866 

850 

722500 

614125000 

20.1547505 

9.4726824 

.001176471 

851 

7»4201 

616205051 

29.1719048 

9.4763057 

.001176068 

852 

725904 

618470208 

29.1890390 

9.4801061 

.001178709 

•   853 

727609 

620650477 

29.2061687 

9.4838136 

.001178883 

854 

729316 

622835864 

29.2232784 

0.4875182 

.001170960 

855 

781025 

625026375 

29.2403830 

0.4912200 

.001160601 

856 

732736 

627222016 

29.2574777 

0.4040188 

.001166894 

857 

7»4449 

629422793 

29.2745623 

0.4986147 

.001166861 

858 

736164 

631628712 

29.2916370 

0.5028078 

.001166601 

850 

787881 

6338397:9 

29.3087018 

0.5050960 

.001104144 

860 

730600 

636066000 

29.3257566 

0.5006854 

.001168791 

861 

741321 

638277381 

29.8428016 

0.5133600 

.001161440 

862 

743044 

&i0503928 

20.3508365 

9.5170515 

.001160008 

863 

744760 

W2735647 

20.3768616 

9.5207308 

.001158749 

864 

746496 

644972544 

20.3038760 

9.5244068 

.001157407 

865 

748226 

647214625 

20.4108828 

9.5280794 

.001150089 

866 

749956 

649461896 

20.4278770 

9.5317497 

.001154784 

867 

751689 

651714863 

20.4448637 

9.5364172 

.001163408 

868 

753424 

653972082 

20.4618307 

9.5890618 

.001168094 

6d6 


•TABLE  XVI. — SQtJARES,  CUBBS,  SQUARB  ROOT$, 


No. 

Squares. 

Ottbes. 

Squarr 
Boots. 

Cube  Boots. 

Reciprocals. 

869 

766161 

666234909 

39.4788059 

9.6487487 

.001150748 

870 

766900 

668508000 

39.4957624 

9.6464087 

.001149436 

871 

758641 

660776811 

39.5127091 

9.5500589 

.001148106 

873 

760884 

668054848 

39.5896461 

9.5537183 

.001146780 

873 

768139 

665838617 

89.64667a4 

9.5578630 

.001146475 

874 

768876 

667627634 

39.5634910 

9.5610106 

.001144166 

875 

766625 

669921875 

39.5808989 

9.5646559 

.001148867 

876 

767876 

672221376 

89.5972973 

9.5682983 

.001141558 

877 

769129 

674526138 

29.6141858 

9.5719377 

.001140851 

878 

770884 

676836103 

29.6310648 

9.5755746 

.001136963 

879 

772641 

679151439 

29.6479343 

9.5799066 

.001137656 

880 

774400 

681472000 

39.6647939 

9.5888397 

.001136864 

881 

776161 

683797841 

39.6816443 

9.5864683 

.001135074 

882 

777984 

686126968 

39.6984848 

9.5900939 

.001133787 

888 

779689 

688466387 

89.7153159 

9.5937169 

.001133508 

884 

781466 

690807104 

89.7381375 

9.5978378 

.001131883 

886 

788225 

698154125 

39.7489496 

9.6000548 

.001189^4 

866 

784996 

695506456 

89.7657581 

9.6045696 

.001128668 

887 

786769 

697864103 

29.7835452 

9.6081817 

.001127396 

888 

788544 

700237078 

29.7998289 

9.6117911 

.001126126 

889 

790821 

703595869 

39.8161030 

9.6153977 

.001134869 

890 

793100 

704969000 

39.8338678 

9.6190017 

.001123606 

891 

798881 

707347971 

89.8496831 

9.6826080 

.001122384 

892 

795664 

709782288 

89.8663690 

9.6262016 

.001121076 

898 

797449 

712121957 

29.8831056 

9.6297975 

.001119821 

894 

799286 

714516984 

89.8996328 

9.6383907 

.001118568 

895 

801025 

716917875 

89.9165506 

9.6369812 

.001117318 

896 

802816 

719333136 

89.9338591 

9.6405690 

.001116071 

897 

801609 

731784278 

89.9499583 

9.6441642 

.001114827 

898 

806404 

724150793 

29.9666481 

9.6477367 

.001113566 

899 

808201 

726672699 

39.9833887 

9.6613166 

.001118847 

900 

810000 

729000000 

80.0000000 

9.6548988 

.001111111 

901 

811801 

781482701 

80.0166680 

9.6584684 

.001109878 

903 

818604 

783870608 

30.0333148 

9.6680408 

.001108647 

908 

815409 

786314327 

80.0499584 

9.6656096 

.001107480 

904 

817216 

788768264 

80.0665988 

9.6691768 

.001106195 

905 

819036 

741317635 

30.0683179 

9.6787408 

.001104978 

906 

820886 

743677416 

30.0996389 

9.6763017 

.001103753 

907 

822649 

746142643 

30.1104407 

9.6798604 

.001102586 

906 

824464 

748613312 

80.1330383 

9.6834166 

.001101388 

909 

826281 

761089429 

80.1496869 

9.6869701 

.001100110 

910 

888100 

753671000 

80.1668063 

9.6905311 

.001098901 

911 

839931 

756058031 

80.1887766 

9.6940694 

.001097695 

913 

881744 

758550588 

80.1993377 

9.6976151 

.001096491 

918 

888669 

761048497 

80.2158899 

9.7011588 

.001095890 

914 

885896 

763551944 

80.2334329 

9.7046989 

.001094008 

915 

887226 

766060875 

80.2489669 

9.7083369 

.001098896 

916 

889056 

768575296 

80.2654919 

9.7117783 

.001091708 

917 

840689 

771095218 

30.2880079 

9.7153051 

.001090518 

918 

843734 

773680638 

80.2985148 

9.7188354 

.001089836 
.0010881^ 

919 

844561 

776151559 

80.3150188 

9.7223631 

930 

846400 

778688000 

30.8315018 

9.7258883 

.001066957 

981 

848341 

781889961 

30.8479618 

9.7294109 

.001085776 

933 

860064 

783777448 

30.3644529 

9.7329309 

.001064599 

938 

851939 

786830467 

30.3809151 

9.7864484 

.001063438 

934 

858776 

788889084 

80.3978683 

9.7399634 

.0010889^ 
.001061061 

936 

866636 

791453186 

30.4138187 

9.7434758 

926 

857476 

794088776 

80.4302481 

9.7469857 

.001079914 

937 

860829 

796697963 

30.4466747 

9.7504930 

.001078749 

938 

861184 

799178752 

30.4630984 

9.7589979 

039 

860041 

801766089 

30.4795018 

9.7676008 

.001076436 

9S0 

804900 

804367000 

80.4959014 

9.7610001 

.001075369 

697 


CUBE  ROOTS,  AND  RBOIPROCAIS. 


»0. 

Squares. 

Cubefc. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

081 

866761 

806954491 

80.6122926 

9.7644974 

.001074114 

882 

868624 

809657568 

80.5286750 

9.7679922 

.001072961 

»88 

870489 

812166287 

80.5450487 

9.7714845 

.001071811 

084 

872856 

814780504 

80.6614186 

9.7749748 

.001070664 

966 

874226 

817400876 

80.6777697 

9.7784616 

.001069619 

986 

876096 

820026856 

80.6941171 

9.7819466 

.001068876 

987 

877969 

622666958 

80.6104557 

9.7864288 

.001067286 

988 

879844 

625298672 

80.6267867 

9.7889067 

.001066098 

939 

881721 

627936019 

80.6481069 

9.7923861 

.001064968 

940 

888600 

680684000 

80.6594194 

9.7968611 

.001068880 

941 

885481 

688287621 

30.6767283 

9.7993336 

.001062699 

942 

887864 

685896888 

30.6920186 

9.8028036 

.0Q«61571 

943 

689249 

R3R561807 

80.7083061 

9.8062711 

.001060446 

944 

891136 

841282384 

30.7245830 

9.8097362 

.001069322 

945 

698025 

843908626 

80.7408623 

9.8131989 

.001068201 

946 

894916 

846590536 

30.7571180 

9.8166691 

.001057082 

947 

896809 

849278123 

30.7788651 

9.8201169 

.001056966 

948 

898704 

851971892 

80.7896086 

9.8235723 

.001064852 

949 

900601 

854670349 

80.8058436 

9.8270262 

.001063741 

950 

902500 

867876000 

30.8220700 

9.8304757 

.001052682 

951 

904401 

860065351 

30.8382679 

9.8839288 

.001061625 

952 

906304 

862801408 

30.8544972 

9.8378696 

.001060420 

958 

908209 

865623177 

80.8706981 

9.8408127 

.001049818 

954 

910116 

868250664 

30.8868904 

9.8442536 

.001048218 

955 

912Q25 

870983875 

30.9080743 

9.8476920 

.001047120 

956 

913936 

873722816 

30.9192497 

9.8611280 

.001046026 

957 

915849 

876467493 

80.9354166 

9.8545617 

.001044982 

958 

917764 

879217912 

30.9515761 

9.8579929 

.001043841 

959 

919681 

681974079 

80.9677251 

9.8614218 

.001042753 

960 

921600 

884736000 

80.9886668 

9.8648483 

.001041667 

961 

928521 

687508681 

81.0000000 

9.8682r24 

.001040683 

962 

925444 

890277128 

81.0161248 

9.8716941 

.001039501 

963 

927369 

893056347 

81.0822418 

9.8751186 

.001088422 

964 

929296 

895841344 

81.0483494 

9.8785306 

.001037344 

965 

931225 

898632126 

81.0644491 

9.8819461 

.001036269 

966 

988156 

901428696 

81.0805405 

9.8863674 

.001085197 

967 

935089 

904231063 

81.0966286 

9.8887678 

.001084126 

968 

937024 

907039232 

81.1126984 

9.8921749 

.001088068 

969 

938961 

909853209 

81.1287648 

9.8965801 

.001081992 

970 

940900 

912678000 

81.1448280 

9.8989880 

.001080928 

971 

942841 

915498611 

81.1608729 

9.9028836 

.001029666 

972 

944784 

918330048 

81.1769145 

9.9057817 

.001028807 

973 

946729 

921167317- 

81.1929479 

9.9091776 

.001027749 

974 

948676 

924010424 

81.2069731 

9.9125712 

.001026694 

975 

950625 

926859376 

31.2249900 

9.9169624 

.001026641 

976 

952576 

929714176 

31.2409987 

9.9193613 

.001024590 

977 

954529 

932674838 

81.2569992 

9.9227879 

.001028641 

978 

956484 

936441352 

81.2729916 

9.9261222 

.001022495 

979 

958441 

988313739 

81.2889767 

9.9295042 

.001021460 

960 

960100 

941192000 

81.8049617 

9.9828889 

.001020408 

981 

962861 

944076141 

81.3209196 

9.9362613 

.001019868 

982 

964824 

946966168 

81.8368792 

9.9396863 

.001018380 

983 

966289 

949862067 

81.3528308 

9.9430092 

.001017294 

984 

968256 

952763904 

81.3687743 

9.9463797 

.001016260 

986 

970225 

955671625 

81.8847097 

9.9497479 

.001015228 

986 

9TO196 

958585256 

31.4006369 

9.9681188 

.001014199 

987 

974169 

961504803 

31.4165561 

9.9664775 

.001018171 

968 

976144 

964480272 

81.4324678 

9.9698889 

.001012146 

989 

978121 

967361669 

31.4483704 

9.9681981 

.001011122 

990 

980100 

970299000 

31.4642664 

9.9665649 

.001010101 

991 

982081 

973242271 

81.4801525 

9.9699095 

.001009062 

992 

984064 

976191488 

31.4960816 

9.9r82619 

.001006065 

698 


TABLE  XVI. — SQUARES,  CUBES,  ETC. 


No. 

Sqiiares. 

Cubes. 

Square 
Roots. 

Cube  Roots. 

Reciprocals. 

993 

986049 

979146657 

31.5119025 

9.9766120 

.001007049 

994 

988036 

9821077&4 

31.5277655 

9.9799599 

.001006036 

995 

990025 

985074875 

81.5436206 

9.9833055 

.001005085 

996 

992016 

988047936 

81.5594677 

9.9866488 

.001004016 

997 

994009 

991026973 

81.5753068 

9.9899900 

.001003009 

996 

996004 

994011992 

81.5911880 

9.9938289 

.001003004 

999 

998001 

997002999 

81.6069613 

9.9966656 

.001001001 

1000 

1000000 

1000000000 

81.6227766 

10.0000000 

.001000000 

1001 

1002001 

1008003001 

81.6885840 

10.0033322 

.0009990010 

1003 

1004004 

1006012006 

81.6543836  . 

10.0066622 

.0009980040 

1008 

1006009 

1009027027 

31.6701752 

10.0099699 

.0009970090 

1004 

1006016 

10121)48064 

31.6859590 

10.0138155 

.0009960159 

1005 

1010025 

1015075125 

31.7017349 

10.0166889 

.0009950249 

1006 

1012036 

1018108216 

81.7175080 

10.0199601 

.0009940358 

1007 

1014049 

1081147843 

31.7332633 

10.0288791 

.0009930487 

1008 

1016064 

1024198512 

31.7490157 

10.0865958 

.0009920635 

1009 

1018061 

1027243729 

31.7647603 

10.0899104 

.0009910803 

1010 

1020100 

1030301GOO 

31.7804972 

10.0332288 

.0009900990 

1011 

1082121 

1033364331 

31.7962262 

10.0365830 

.0009891197 

1012 

1024144 

10364337^ 

31.8119474 

10.0898410 

.0009681423 

1013 

1026169 

1039509197 

31.8876609 

10.0431469 

.0009871668 

1014 

1088196 

1042590744 

31.8433666 

10.0464506 

.0009661938 

1015 

1030825 

1045678375 

31.8590646 

10.0497581 

.0009858317 

1016 

1038856 

1048772096 

81.8747549 

10.0580514 

.0009848530 

1017 

1034280 

1051871913 

81.8904374 

10.0563485 

.0009683843 

1018 

1036384 

1054977832 

81.9061188 

10.0596435 

.0009888183 

1019 

1038361 

1058089859 

31.9817794 

10.0689864 

.0009813543 

1020 

1040400 

1061206000 

31.9374388 

10.0663371 

.0009803938 

1031 

1048441 

1064332261. 

81.9530906 

10.0695156 

.0009794319 

1032 

1044484 

1067462648 

31.9687347 

10.0738080 

.0009784736 

1088 

1046589 

1070599167 

31.9843718 

10.0760863 

.0009775171 

1024 

1048576 

1073741884 

88.0000000 

10.0793684 

.0009765635 

1025 

1050685 

1076890685 

38.0156212 

10.0886484 

.0009756098 

1026 

1058676 

1080045576 

32.0313348 

10.0859368 

.0009746589 

1027 

1054789 

1083206683 

32.0468407 

10.0898019 

.0009737098 

1028 

10567»4 

10S6373958 

32.0624391 

10.0934755 

.0009787686 

1029 

1058841 

1089547389 

32.0780298 

10.0957469 

.0009718173 

1030 

1060900 

1092787000 

82.0936131 

10.0990163 

.0009708738 

1081 

1068961 

1095918791 

82.1091887 

10.1033835 

.0009699381 

1082 

1065084 

1099104768 

32.1847568 

10.1055487 

.00J9689988 

1083 

1067089 

1108308937 

38.1403173 

10.1088117 

.0009680548 

1084 

1069156 

1105507304 

32.1558704 

10.1130736 

.0009671180 

1085 

1071885 

1108717875 

38.1714159 

10.1153314 

.0009661836 

1086 

1078896 

1111934656 

38.1869539 

10.1185882 

.0009658510 

1087 

1075369 

1115157653 

38.3034844 

10.1318486 

.0009643808 

1088 

1077444 

1118386872 

38.8180074 

10.1850953 

.0009633911 

1089 

1079581 

1181688319 

33.8335389 

10 .1883457 

.0009684639 

1040 

1081600 

1184864000 

33.8490310 

10.1315941 

.0009616385 

1041 

1063681 

1188111981 

33.8645816 

10.1348403 

.0009606148 

1042 

1085764 

1131366088 

38.8800348 

10.1380845 

.0009596939 

1043 

1067849 

1134686507 

88.3955105 

10.1413866 

.0009587738 

1044 

1069936 

1137893184 

33.3109888 

10.1445667 

.0009578644 

1045 

1092025 

1141166185 

83.3864598 

10.1478047 

.0009569378 

1046 

1094116 

1144445836 

38.3419333 

10.1510406 

.0009560339 

1047 

1096209 

1147730888 

33.8573794 

10.1548744 

.0009551098 

1018 

1098304 

1151088598 

83.3738881 

10.1575068 

.0009541985 

1049 

1100401 

1154820649 

38.3888695 

10.1607359 

.0009582888 

1060 

1102500 

1157626000 

32.4037035 

10.1639636 

.0009523810 

1051 

1104601 

1160935651 

82.4191301 

10.1671893 

.0009514748 

1062 

1106704 

1164252808 

82.4345495 

10.1704189 

.0009606703 

1058 

1106809 

1167576877 

32.4499615 

10.1786844 

.0009496676 

1054 

1110916 

1170906464 

82.4668662 

10.1768689 

.0009487666 

700      TABLE  XVII.— LOGARITHMS  OF  NUMBERS. 


N 

0123456789 

100 

00000  00043  00087  00130  00173  00217  00260  00908  00^6  00389 

1 

0432  0476  0518  0561  0604  0647  0689  0732  077i  0817 

2 

0860  0903  0945  0988  1030  1072  1115  1157  1199  1242 

8 

1284  1326  1368  1410  1452  1494  1536  1578  1620  1662 

4 

1703  1745  1787  1828  1870  1912  1953  1995  2036  2078 

6 

2119  2160  2202  2243  2284  2325  2366  2407  2449  2490 

6 

2631  2572  2612  2653  2694  2735  2776  2816  2857  2898 

7 

2988  2979  3019  3060  3100  3141  3181  3222  3262  3302 

8 

3342  3383  3423  3463  3503  3543  3583  3623  3663  3703 

9 

3743  3782  3822  3862  3902  3941  3981  4021  4060  4100 

110 

04139  04179  04218  04258  04297  04836  04376  04415  04464  04493 

1 

4532  4571  4610  4650  4689  4727  4766  4805  4844  4883 

2 

4922  4961  4999  5088  5077  5116  5164  5192  5231  5269 

8 

5308  5346  5385  5423  5461  5500  5538  5676  5614  5662 

4 

5690  5729  5767  5805  6843  5881  6918  6956  5994  6032 

6 

6070  6108  6146  6183  6221  6258  6296  6333  6371  6408 

6 

6446  6483  6621  6558  6596  6633  6670  6707  6744  6781 

7 

6819  6856  6893  6930  6967  7004  7041  7078  7115  7161 

8 

7188  7225  7262  7298  7335  7872  7408  7445  7482  7618 

9 

7555  7591  7628  7664  7700  7737  7773  7809  7846  7882 

120 

07918  07954  07990  08027  08063  08099  08185  08171  08207  08243 

1 

8279  8314  8350  8386  8422  8468  8493  8529  8565  8600 

2 

8636  8672  8707  8743  8778  8814  8849  8884  8920  8956 

8 

8991  9026  9061  9096  9132  9167  9202  9237  9272  9307 

4 

9342  9877  9412  9447  9482  9517  9562  9587  9621  9656 

6 

9691  9726  9760  9796  9830  9864  9899  9934  996810003 

6 

10087  10072  10106  10140  10175  10209  10243  10278  10312  0846 

7 

0880  0415  0449  0483  0517  0551  0686  0619  0663  0687 

8 

0721  0755  0789  0823  0867  0890  0924  0958  0992  1025 

9 

1069  1093  1126  1160  1193  1227  1261  1294  1327  1861 

130 

11894  11428  11461  11494  11628  11561  11694  11628  11661 11694 

1 

1727  1760  1793  1826  1860  1893  1926  1969  1992  2024 

2 

2067  2090  2123  2166  2189  2222  2264  2287  2820  2S62 

8 

2385  2418  2450  2483  2616  2648  2681  2613  2646  2678 

4 

2710  2748  2775  2808  2840  2872  2905  2987  2969  8001 

6 

3033  3066  3098  3130  8162  3194  3226  3258  3290  3322 

6 

3354  3386  3418  3450  3481  3513  3645  3677  3609  8640 

7 

3672  3704  3735  3767  3799  3830  3862  3893  3925  8956 

8 

3988  4019  4061  4082  4114  4145  4176  4208  4239  4270 

9 

4301  4333  4364  4395  4426  4457  4489  4520  4561  4682 

140 

14613  14644  14675  14706  14737  14768  14799  14829  14860  14891 

1 

4922  4953  4983  6014  5045  6076  6106  6187  5168  6198 

2 

5229  5269  6290  6320  6361  6381  6412  6442  6473  6603 

8 

6634  5564  6594  6625  6655  6686  6716  6746  6776  6806 

4 

6836  5866  5897  5927  6957  6987  6017  6047  6077  6107 

6 

6137  6167  6197  6227  6266  6286  6316  6346  6376  0406 

6 

6436  6466  6495  6524  6554  6684  6613  6643  6673  6702 

7 

6732  6761  6791  6820  6850  6879  6909  6938  6967  6997 

8 

7026  7066  7085  7114  7143  7173  7202  7231  7260  7289 

9 

7319  7348  7877  7406  7436  7464  7493  7622  7661  7680 

150 

17609  17638  17667  17696  17726  17764  17782  17811  17840  17869  j 

TABLE  XVn.^LOOARITHMS  OP  NUMBERS.   701 

K 

0198456789 

160 

17609  17688  17667  17606  17725  17764  17782  17811 17840  17869 

7898  7926  7966  7984  8013  8041  8070  8099  8127  8166 

8184  8213  8241  8270  8298  8^7  8366  8384  8412  8441 

8469  8498  8626  8664  8683  8611  8689  8667  8696  8724 

8782  8780  8808  8837  8865  8893  8921  8949  8977  9006 

9033  9061  9089  9117  9146  9173  9201  9229  9267  928i 

9312  9340  9368  9396  9424  9461  9479  9507  9635  9662 

9690  9618  9646  9673  9700  9728  9756  9783  9811  9838 

9866  9893  9921  9948  9976  20003  20030  20068  20086  20112 

20140  20167  20194  20222  20249  0276  0303  0330  0868  038i 

160 

20412  20489  20466  20493  20620  20648  20675  20602  20629  20666 

0683  0710  0737  0763  0790  0817  0844  0871  0898  0925 

0962  0978  1006  1032  1059  1086  1112  1139  1166  1192 

1219  1246  1272  1299  1326  1362  1378  1405  1481  1458 

1484  1611  1637  1664  1690  1617  1643  1669  1696  1722 

1748  1775  1801  1827  1864  1880  1906  1932  1968  1985 

2011  2037  2063  2089  2116  2141  2167  2194  2220  2246 

2272  2298  2324  2350  2376  2401  2427  2463  2479  2506 

2631  2687  2683  2608  2684  2660  2686  2712  2737  2763 

2789  2814  2840  2866  2891  2917  2943  2968  2994  3019 

ITO 

28045  23070  23096  28121  28147  23172  28198  23228  28249  83274 

8800  8326  3360  3376  3401  8426  3462  8477  3602  3528 

8663  8678  8603  8629  3664  8679  8704  3729  8764  3779 

8805  8880  8865  8880  8905  3930  3965  3980  4005  4030 

4065  4080  4105  4130  4165  4180  4204  4229  4264  4279 

4304  4329  4363  4378  4403  4428  4462  4477  4602  4627 

4661  4676  4601  4626  4650  4674  4699  4734  4748  4773 

4797  4^2  4846  4871  4895  4920  4944  4969  4993  6018 

6042  6066  6091  6116  6139  6164  6188  6212  6237  6261 

6286  6810  6334  6868  6882  6406  6481  6465  6479  6603 

180 

S6627  26561  25676  26600  26624  26648  26672  26696  26720  26744 

5768  6792  6816  6840  6864  6888  6912  6936  6959  6983 

6007  6031  6055  6079  6102  6126  6150  6174  6198  6221 

6245  6269  6293  6316  6340  6364  6387  6411  6435  6458 

6482  6506  6529  6653  6576  6600  6623  6647  6670  6694 

6717  6741  6764  6788  6811  6834  6858  6881  6905  6928 

6951  6975  6998  7021  7045  7068  7091  7114  7138  7161 

7184  7207  7231  7254  7277  7300  7323  7346  7870  7893 

7416  7489  7462  7486  7608  7531  7664  7677  7600  7623 

7646  7669  7692  7716  7738  7761  7784  7807  7880  7852 

190 

27876  27898  27921  27944  27967  27989  28012  28036  28058  28081 

8103  8126  8149  8171  8194  8217  8240  8262  8285  8307 

8330  8353  8376  8398  8421  8443  8466  8488  8511  8533 

8666  8678  8601  8623  8646  8668  8691  8713  8735  8768 

8780  8803  8825  8847  8870  8892  8914  8937  8959  8981 

9003  9026  9048  9070  9092  9115  9137  9169  9181  9203 

9226  9248  9270  9292  9314  9336  9358  9880  9403  9425 

9447  9469  9491  9513  9535  9557  9579  9601  9623  9645 

9667  9688  9710  9732  9754  9776  9798  9820  9842  9863 

9886  9907  9929  9961  9973  9994  30016  80038  30060  30081 

200 

80108  80125  80146  30168  30190  30211  30233  30265  80276  80298 

ru2 

TAALE  XVII.— LOGARirHMS  OF  NUMBERS. 

N 

0123456780 

200 

80103  30125  30146  30168  30190  30211  30233  30255  80276  30298 

1 

032»  0341  0363  0384  0406  0428  0449  0471  0492  0614 

2 

0635  0557  0678  0600  0621  0643  0664  0686  0707  0728 

8 

0750  0771  0792  0814  0835  0856  0878  0899  0920  0942 

4 

0963  0984  1006  1027  1048  1069  1091  1112  1133  1164 

5 

1175  1197  1218  1239  1260  1281  1302  1323  1345  1366 

6 

1387  1408  1429  1450  1471  1492  1613  1634  1656  1676 

7 

1597  1618  1639  1660  1681  1702  1723  1744  1765  1786 

8 

1806  1827  1848  1869  1890  1911  1931  1952  1973  1994 

9 

2015  2035  2056  2077  2098  2118  2139  2160  2181  2201 

210 

32222  32243  32263  32284  32305  32325  32346  32366  32387  32408 

1 

2428  2449  2469  2490  2610  2531  2552  2672  2593  2613 

2 

2634  2654  2675  26§5  2715  2736  2756  2777  2797  2818 

8 

2838  2858  2879  2899  2919  2940  2960  2980  3001  3021 

4 

8041  3062  3082  3102  8122  3143  3163  8183  3203  3224 

5 

3244  3264  3284  3304  3325  3345  3365  3385  3406  3426 

6 

3446  8465  3486  3506  3526  3546  3566  3686  3606  3626 

7 

3646  3666  3686  3706  3726  3746  3766  3786  3806  3826 

8 

3846  3866  3886  3905  3926  3945  3966  3985  4005  4025 

9 

4044  4064  4084  4104  4124  4143  4163  4183  4203  4223 

220 

34242  34262  34282  34301  34321  34341  34361  34380  34400  34420 

1 

4439  4459  4479  4498  4618  4537  4557  4577  4596  4616 

2 

4635  4655  4674  4694  4713  4733  4753  4772  4792  4811 

8 

4830  4850  4869  4889  4908  4928  4947  4967  4986  5006 

4 

6025  6044  6064  5083  5102  6122  6141  6160  6180  6199 

5 

6218  6238  6257  6276  6295  5315  6334  6353  6372  6392 

6 

6411  6430  5449  6468  5488  6507  6526  6645  6564  6683 

7 

6603  5622  5641  5660  5679  6698  6717  6736  6766  6774 

8 

5793  6813  6832  6851  6870  6889  6908  6927  6946  6065 

9 

6984  6003  6021  6040  6059  6078  6097  6116  6136  6164 

280 

36173  36192  36211  36229  36248  36267  36286  36305  36324  36342 

1 

6361  6380  6399  6418  6486  6455  6474  6498  6511  6630 

2 

6649  6568  6586  6605  6624  6642  6661  6680  6698  6717 

8 

6736  6754  6773  6791  6810  6829  6847  6866  6884  6903 

4 

6922  6940  6959  6977  6996  7014  7033  7061  7070  7088 

5 

7107  7125  7144  7162  7181  7199  7218  7236  7264  7273 

6 

7291  7310  7328  7346  7365  7383  7401  7420  7438  7467 

7 

7475  7493  7611  7530  7548  7566  7585  7603  7621  7639 

8 

7658  7676  7694  7712  7731  7749  7767  7785  7803  7822 

9 

7840  7858  7876  7894  7912  7931  7949  7967  7985  8003 

240 

38021  38039  38057  38075  38093  38112  38130  38148  38166  3ril84 

1 

8202  8220  8238  8256  8274  8292  8310  8328  8346  8S64 

2 

8382  8399  8417  8435  8453  8471  8489  8507  8525  8f43 

8 

8561  8678  8596  8614  8632  8650  8668  8686  8703  87in 

4 

8739  8757  8775  8792  8810  8828  8846  8863  8881  889^ 

5 

8917  8984  8952  8970  8987  9005  9023  9041  9058  907t 

6 

9094  9111  9129  9146  9164  9182  9199  9217  9235  9262 

7 

9270  9287  9305  9322  9340  9368  9376  9893  9410  9428 

8 

9445  9463  9480  9498  9515  9538  9550  9568  9586  9602 

9 

9620  9687  9655  9672  9690  9707  9724  9742  9769  9777 

250 

39794  39811  39829  39846  89863  39881  39898  39916  39933  39060 
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N 

0   123456789 

250 

397»4  39811  39829  39846  39863  39881  39898  39916  39933  39960 

1 

9967  998i  40002  40019  40037  40054  40071  40088  40106  40123 

2 

40140  40167  0175  0192  0209  0226  0243  0261  0278  029i 

8 

0312  0329  0346  0364  0381  0398  0415  0432  0449  0466 

4 

0483  0600  0618  0635  0662  0669  0686  0603  0620  0637 

5 

0664  0671  0688  0706  0722  0739  0766  0773  0790  0807 

6 

0824  0841  0868  0875  0892  0909  0926  0943  0960  0976 

1 

0993  1010  1027  1044  1061  1078  1095  1111  1128  1146 

8 

1162  1179  1196  1212  1229  1246  1263  1280  1296  1313 

9 

1330  1347  1363  1380  1397  1414  1430  1447  1464  1481 

260 

41497  41614  41631  41647  41664  41681  41697  41614  41631  41647 

1 

1664  1681  1697  1714  1731  1747  1764  1780  1797  1814 

2 

1830  1847  1863  1880  1896  1913  1929  1946  1963  1979 

8 

1996  2012  2029  2046  2062  2078  2095  2111  2127  2144 

4 

2160  2177  2193  2210  2226  2243  2269  2276  2292  2308 

5 

2325  2341  2367  2374  2390  2406  2423  2439  2466  2472 

6 

2488  2604  2621  2637  2663  2670  2686  2602  2619  2635 

7 

2661  2667  2684  2700  2716  2732  2749  2765  2781  2797 

8 

2813  2830  2846  2862  2878  2894  2911  2927  2943  2969 

9 

2976  2991  3008  3024  3040  3066  3072  3088  3104  3120 

270 

43136  43152  43169  43185  43201  43217  43233  43249  43265  43281 

1 

3297  3313  3329  3345  3361  3377  3393  3409  3425  3441 

2 

3457  3473  3489  3605  3621  3637  3663  3669  3684  3600 

8 

3616  3632  3648  3664  3680  3696  3712  3727  3743  3769 

4 

3776  3791  3807  3823  3838  3864  3870  3886  3902  3917 

6 

3933  3949  3965  3981  3996  4012  4028  4044  4069  4076 

6 

4091  4107  4122  4138  4164  4170  4186  4201  4217  4232 

7 

4248  4264  4279  4295  4311  4326  4342  4368  4373  4389 

8 

4404  4420  4436  4461  4467  4483  4498  4614  4629  4545 

9 

4660  4676  4692  4607  4623  4638  4664  4669  4685  4700 

280 

44716  44731  44747  44762  44778  44793  44809  44824  44840  44855 

1 

4871  4886  4902  4917  4932  4948  4963  4979  4994  6010 

2 

6025  6040  6066  6071  6086  5102  6117  6133  6148  6163 

8 

5179  6194  5209  5225  5240  5266  6271  5286  6301  6317 

4 

5332  5347  6362  5378  6393  6408  6423.6439  6464  6469 

5 

5484  5500  5615  5630  6545  6661  5676  6591  5606  5621 

6 

5637  5662  5667  5682  6697  5712  6728  5743  5768  6773 

7 

5788  5803  6818  5834  5849  5864  5879  5894  5909  5924 

8 

5939  5964  6969  6984  6000  6015  6030  6045  6060  6075 

9 

6090  6105  6120  6135  6I5O  6165  6180  6195  6210  6225 

290 

46240  46255  46270  46285  46300  46315  46330  46345  46369  46374 

1 

6389  6404  6419  6434  6449  6464  6479  6494  6609  6523 

2 

6638  6663  6668  6683  6698  6613  6627  6642  6667  6672 

8 

6687  6702  6716  6731  6746  6761  6776  6790  6805  6820 

4 

6835  6850  6864  6879  6894  6909  6923  6938  6963  6967 

5 

6982  6997  7012  7026  7041  7056  7070  7085  7100  7114 

6 

7129  7144  7169  7173  7188  7202  7217  7232  7246  7261 

7 

7276  7290  7305  7319  7334  7349  7363  7878  7392  7407 

8 

7422  7436  7451  7466  7480  7494  7609  7624  7688  7658 

9 

7567  7682  7596  7611  7625  7640  7664  7669  7683  7698 

800 

47712  47727  47741  47756  47770  47784  47799  47813  47828  47842 

704 

TABLE  XVII.— LOGARITHMS  OF  NUMBERS. 

N 

0123456789 

800 

47712  47727  47741  47766  47770  47784  47799  47818  4782S  478^ 

7867  7871  7886  7900  7914  7929  7948  7968  7972  7986 

8001  8016  8029  8044  8068  8078  8087  8101  8116  8130 

8144  8169  8178  8187  8202  8216  8280  8244  8269  8278 

8287  8302  8316  8330  8344  8369  8378  8387  8401  8416 

8430  8444  8468  8478  8487  8601  8616  8680  8644  8568 

8672  8686  8601  8615  8629  8648  8667  8671  8686  8700 

8714  8728  8742  8766  8770  8785  8799  8813  8827  8841 

8866  8869  8883  8897  8911  8926  8940  8964  8968  8982 

8996  9010  9024  9038  9062  9066  9080  9094  9108  9122 

810 

49136  49160  49164  49178  49192  49206  49220  49284  49248  49262 

9276  9290  9304  9318  9332  9346  9360  9874  9388  9402 

9416  9429  9443  9467  9471  9486  9499  9613  9627  9641 

9654  9668  9682  9596  9610  9624  9688  9661  9666  9679 

9693  9707  9721  9734  9748  9762  9776  9790  9803  9817 

9831  9845-  9869  9872  9886  9900  9914  9927  9941  9965 

9969  9982^  9996  60010  60024  60037  60061  50065  50079  60092 

60106  50120  60133  0147  0161  0174  0188  0202  0215  0229 

0243  0266  6270  0284  0297  0811  0325  0888  0362  0866 

0379  0393  0406  0420  0438  0447  0461  0474  0488  0501 

820 

60615  60629  60642  60666  60569  50688  60696  60610  50623  50637 

0661  0664  0678  0691  0705  0718  0782  0746  0769  0772 

0786  0799  0818  0826  0840  0863  0866  0880  0893  0907 

0920  0934  0947  0961  0974  0987  1001  1014  1028  1041 

1065  1068  1081  1095  1108  1121  1135  1148  1162  1175 

1188  1202  1216  1228  1242  1266  1268  1282  1295  1808 

1322  1336  1348  1362  1876  1388  1402  1415  1428  1441 

1465  1468  1481  1495  1608  1621  1634  1648  1661  1674 

1687  1601  1614  1627  1640  1664  1667  1680  1693  1706 

1720  1733  1746  1769  1772  1786  1799  1812  1825  1888 

880 

61851  51865  51878  61891  61904  61917  61980  61948  61967  51970 

1983  1996  2009  2022  2036  2048  2061  2075  2088  2101 

2114  2127  2140  2168  2166  2179  2192  2206  2218  2281 

2244  2267  2270  2284  2297  2310  2323  2386  2849  2862 

2375  238&  2401  2414  2427  2440  2463  2466  2479  2492 

2504  2617  2630  2543  2556  2569  2682  2596  2608  2621 

2634  2647  2660  2673  2686  2699  2711  2724  2787  2760 

2763  2776  2789  2802  2815  2827  2840  2868  2866  2879 

289^  2905  2917  2930  2943  2966  2969  2982  2994  3007 

8020  3033  3046  3058  8071  8084  8097  3110  3122  3135 

840 

63148  53161  63178  68186  63199  63212  58224  68237  58250  53263 

3276  8288  3301  3314  3326  8339  8362  8864  8877  3890 

3403  3416  3428  3441  3463  3466  8479  3491  3604  3617 

3629  3542  3565  8667  3680  3698  8605  8618  3681  3648 

3666  3668  3681  3694  3706  8719  3732  8744  3767  3769 

8782  3794  8807  3820  3832  8845  3867  8870  3882  3896 

3908-3920  3933  3946  3958  3970  8983  8995  4008  4020 

4033  4045  4058  4070  4083  4095  4108  4120  4133  4145 

4158  4170  4183  4195  4208  4220  4233  4246  4268  4S70 

4283  4295  4307  4320  4332  4345  4367  4370  4382  4894 

8&0 

64407  64419  64432  64444  64456  64469  64481  64494  54506  5^18 
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N 


2   3   4   5   6   7   8 


850 

1 
3 
S 
4 
5 
6 
7 
8 
9 

860 
1 
2 
8 

4 
6 
6 
7 
8 
9 

870 
1 

2 
8 

4 
6 
6 
7 
8 
9 

880 
1 
8 

8 

4 
6 
6 

7 


390 
1 
8 

3 

4 
6 
6 
7 
8 
9 

400 


64407  64419  64432  64444  64450  64469  64481  64494  64606  64518 

4631  4643  4665  4666  4580  4593  460^  4617  4630  4642 

4664  4667  4679  4691  4704  4716  4728  4741  4753  4765 

4777  4790  4802  4814  4827  4839  4851  4864  4876  4888 

4900  4913  492i  4937  4949  4962  4974  4986  4998  5011 

6023  6035  6047  6060  6072  6084  6096.6108  6121  5133 

6145  6157  6169  6182  6194  6206  6218  6230  5242  5255 

5267  6279  6291  6303  6316  6328  6340  6352  5364  5376 

6388  6400  6413  642i  6437  6449  6461  6473  6486  5497 

6509  6522  6634  6546  6668  6670  6682  6694  6606  5618 

66630  66642  66654  66666  65678  66691  65703  66715  66727  65739 

6751  5763  6775  6787  6799  6811  6823  5835  6847  5859 

6871  6883  6895  6907  6919  6931  6943  6955  6967  5979 

5991  6008  6015  6027  6038  6060  6062  6074  6086  6098 

6110  6122  6134  6146  6158  6170  6182  6194  6205  6217 

6229  6241  6253  6265  6277  6289  6301  6312  6324  6336 

6348  6360  6372  6384  6396  6407  6419  6431  6443  6455 

6467  6478  6490  6602  6514  6526  6538  6649  6561  6573 

6585  6597  6608  6620  6632  6644  6656  6667  6679  6691 

6703  6714  6726  6738  6750  6761  6773  6785  6797  6808 

66820  66832  66844  66866  66867  66879  66891  66902  66914  56926 

6937  6949  6961  6972  6984  6996  7008  7019  7031  7043 

7054  7066  7078  7089  7101  7113  7124  7136  7148  7169 

7171  7183  7194  7206  7217  7229  7241  7252  7264  7276 

7287  7299  7310  7322  7334  7345  7357  7368  7380  7392 

7403  7415  7426  7438  7449  7461  7473  7484  7496  7607 

7519  7630  7542  7653  7665  7576  7688  7600  7611  7623 

7634  7646  7657  7669  7680  7692  7703  7715  7726  7738 

7749  7761  7772  7784  7795  7807  7818  7830  7841  7852 

7864  7876  7887  7898  7910  7921  7933  7944  7955  7967 

67978  67990  68001  68013  68024  68036  68047  68068  68070  68081 

8092  8104  8115  8127  8138  8149  8161  8172  8184  8195 

8206  8218  8229  8240  8252  8263  8274  8286  8297  8309 

8320  8331  8343  8354  8366  8377  8388  8399  8410  8422 

8433  8444  8456  8467  8478  8490  8501  8512  8524  8535 

8546  8557  8569  8580  8591  8602  8614  8625  8636  8647 

8659  8670  8681  8692  8704  8715  8726  8737  8749  8760 

8771  8782  8794  8805  8816  8827  8838  8850  8861  8872 

8883  8894  8906  8917  8928  8939  8950  8961  8973  8984 

8995  9006  9017  9028  9040  9061  0062  9073  9084  9095 

69106  69118  69129  69140  69161  69162  69173  69184  59195  59207 

9218  9229  9240  9251  9262  9273  9284  9295  9306  9318 

9329  9340  9351  9362  9373  9384  9396  9406  9417  9428 

9439  9450  9461  9472  9483  9494  9506  9517  9528  9639 

9550  9661  9672  9683  9594  9605  9616  9627  9638  9649 

9660  9671  9682  9693  9704  9715  9726  9737  9748  9759 

9770  9780  9791  9802  9813  9824  9835  9846  9857  9868 

9879  9890  9901  9912  9923  9934  9945  9956  9966  9977 

9988  9999  60010  60021  60032  60043  60054  60065  60076  60086 

60097  60108  0119  0130  0141  0162  0163  0173  0184  0195 

60206  60217  60228  60239  60249  60260  60271  60282  60293  60304 


706       TABLE  XVn.— LOGARITHMS  OF  NUMBERS. 


N 

0   123   45   67   80 

400 

60206  60217  60228  60239  60249  60260  60271  60282  60293  60304 

1 

0314  0325  0336  0347  0358  0369  0379  0390  0401  0412 

2 

0423  0433  0444  0455  0466  0477  0487  0498  0509  0620 

8 

0531  0541  0552  0563  0674  0584  0696  0606  0617  0627 

4 

0638  0649  0660  0670  0681  0692  0703  0713  0724  0735 

6 

0746  0756  0767  0778  0788  0799  0810  0821  0831  0842 

6 

0853  0863  0874  0885  0896  0906  0917  0927  0938  0949 

7 

0959  0970  0981  0991  1002  1013  1023  1034  1045  1056 

8 

1066  1077  1087  1098  1109  1119  1130  1140  1161  1162 

9 

1172  1183  1194  1204  1215  1226  1236  1247  1267  1268 

410 

61278  61289  61300  61310  61321  61331  61342  61352  61363  61374 

1 

1384  1395  1406  1416  1426  1437  1448  1458  1469  1479 

8 

1490  1600  1511  1621  1632  1642  1553  1563  1574  1684 

8 

1596  1606  1616  1627  1637  1648  1668  1669  1679  1690 

4 

1700  1711  1721  1731  1742  1752  1763  1773  1784  1794 

6 

1805  1816  1826  1836  1847  1857  1868  1878  1888  1899 

6 

1909  1920  1930  1941  1951  1962  1972  1982  1993  2003 

7 

2014  2024  2034  2045  2066  2066  2076  2086  2097  2107 

8 

2118  2128  2138  2149  2159  2170  2180  2190  2201  2211 

9 

2221  2232  2242  2252  2263  2273  2284  2294  2304  2315 

420 

62325  62335  62346  62366  62366  62377  62387  62397  62406  62418 

1 

2428  2439  2449  2469  2469  2480  2490  2600  2511  2621 

2 

2531  2542  2552  2562  2672  2583  2593  2603  2613  2624 

8 

2634  2644  2655  2665  2675  2685  2696  2706  2716  2726 

4 

2737  2747  2757  2767  2778  2788  2798  2808  2818  2829 

6 

2839  2849  2859  2870  2880  2890  2900  2910  2921  2931 

6 

2941  2951  2961  2972  2982  2992  3002  3012  3022  3033 

7 

3043  3053  3063  3073  3083  8094  3104  3114  3124  3134 

8 

3144  3155  3165  3175  3185  3196  8206  3216  3226  3236 

9 

3246  3256  3266  3276  3286  3296  3306  3317  3327  3337 

480 

63347  63357  63367  63377  63387  63397  63407  63417  63428  63488 

1 

3448  3468  3468  3478  3488  3498  3608  3618  3628  3638 

2 

3548  3568  3568  3579  3689  3599  3609  3619  3629  3639 

8 

3649  3659  3669  3679  3689  3699  8709  8719  3729  3739 

4 

3749  3769  3769  3779  3789  3799  3809  3819  3829  3839 

5 

3849  3859  3869  3879  3889  3899  3909  3919  3929  3939 

6 

3949  3959  3969  3979  8988  3998  4008  4018  4028  4038 

7 

4048  4058  4068  4078  4088  4098  4108  4118  4128  4137 

8 

4147  4157  4167  4177  4187  4197  4207  4217  4227  4^37 

9 

4246  4256  4266  4276  4286  4296  4306  4316  4326  4336 

440 

64345  64356  64366  64375  64385  64395  64404  64414  64424  64434 

1 

4444  4454  4464  4473  4483  4493  4503  4513  4523  4538 

8 

4542  4552  4562  4572  4682  4691  4601  4611  4621  4631 

8 

4640  4650  4660  4670  4680  4689  4699  4709  4719  4729 

4 

4738  4748  4758  4768  4777  4787  4797  4807  4816  4820 

6 

4836  4846  4856  4865  4876  4885  4895  4904  4914  4924 

6 

4933  4943  4953  4963  4972  4982  4992  6002  6011  6021 

7 

6031  6040  6050  6060  5070  6079  5089  5099  6108  6118 

8 

5128  6137  5147  6167  5167  6176  6186  6196  6206  6215 

9 

6225  6234  6244  6254  5263  6273  6283  6292  6302  6812 

460 

66321  65331  65341 65360  65360  65369  66379  66389  66398  66«)8 
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70^ 

450 

012345678 

9 

65321  65331  65341  65350  65360  65369  65379  65389  65398  65408 

1 

6418  6427  6437  6447  6456  6466  6475  6485  6495 

5504 

2 

6514  6523  6633  6543  6552  6562  6571  6581  6591 

5600 

8 

6610  6619  6629  6639  6648  6658  6667  6677  6686 

5696 

4 

6706  6716  6725  5734  6744  6753  6763  6772  6782 

6792 

6 

5801  6811  6820  6830  6839  6849  5858  6868  6877 

5887 

6 

5896  5906  6916  6925  6935  5944  6964  6963  6973 

5982 

7 

5992  6001  6011  6020  6030  6039  6049  6058  6068 

6077 

8 

6087  6096  6106  6115  6124  6134  .6143  6153  6162 

6172 

9 

6181  6191  6200  6210  6219  6229  6238  6247  6257 

6266 

460 

66276  66285  66295  66304  66314  66328  66332  66342  66351  66361 

1 

6370  6380  6389  6398  6408  6417  6427  6436  6445 

6455 

8 

6464  6474  6483  6492  6502  6511  6621  6530  6539 

6549 

8 

6568  6567  6577  6586  6696  6605  6614  6624  6633 

6642 

4 

6652  6661  6671  6680  6689  6699  6708  6717  6727 

6736 

6 

6745  6755  6764  6773  6783  6792  6801  6811  6820 

6829 

6 

6839  6848  6857  6867  6876  6885  6894  6904  6913 

6922 

7 

6932  6941  6950  6960  6969  6978  6987  6997  7006 

7015 

8 

7025  7034  7043  7062  7062  7071  7080  7089  7099 

7108 

9 

7117  7127  7136  7145  7164  7164  7173  7182  7191 

7201 

470 

67210  67219  67228  67237  67247  67256  67265  67274  67284  67293 

1 

7302  7311  7321  7330  7339  7348  7357  7367  7376 

7385 

2 

7394  7403  7413  7422  7431  7440  7449  7459  7468 

7477 

8 

7486  7495  7504  7514  7523  7532  7641  7560  7560 

7569 

4 

.  7578  7587  7596  7605  7614  7624  7633  7642  7661 

7660 

6 

7669  7679  7688  7697  7706  7716  7724  7733  7742 

7752 

6 

7761  77YO  7779  7788  7797  7806  7816  7825  7834 

7843 

7 

7852  7861  7870  7879  7888  7897  7906  7916  7925 

7934 

8 

7943  7952  7961  7970  7979  7988  7997  8006  8015 

8024 

9 

8034  8043  8052  8061  8070  8079  8088  8097  8106 

8115 

480 

68124  68133  68142  68151  68160  68169  68178  68187  68196  68206 

1 

8215  8224  8233  8242  8251  8260  8269  8278  8287 

8296 

2 

8305  aSU  8323  8332  8341  8350  8359  8368  8377 

8386 

3 

8395  8404  8413  8422  8431  8440  8449  8458  8467 

8476 

4 

8485  8494  8502  8511  8520  8529  8538  8547  8556 

8565 

6 

8574  8583  8592  8601  8610  8619  8628  8637  8646 

8655 

6 

8664  8673  8681  8690  8699  8708  8717  8726  8736 

8744 

7 

8753  8762  8771  8780  8789  8797  8806  8815  8824 

8833 

8 

8842  8851  8860  8869  8878  8886  8895  8904  8913 

8922 

9 

.8931  8940  8949  8958  8966  8975  8984  8993  9002 

9011 

490 

69020  69028  69037  69046  69055  69064  69073  69082  69090  69099 

1 

9108  9117  9126  9135  9144  9152  9161  9170  9179 

9188 

2 

9197  9205  9214  9223  9232  9241  9249  9268  9267 

9276 

8 

9285  9294  9302  9311  9320  9329  9338  9346  9356 

9364 

4 

9373  9381  9390  9399  9408  9417  9425  9434  9443 

9452 

6 

9461  9469  9478  9487  9496  9504  9513  9522  9531 

9539 

6 

9548  9557  9566  9574  9583  9592  9601  9609  9618 

9627 

7 

9636  9644  9653  9662  9671  9679  9688  9697  9705 

9714 

8 

9723  9782  9740  9749  9758  9767  9775  9784  9793 

9801 

9 

9810  9819  9827  9836  9845  9854  9862  9871  9880 

9888 

500 

69897  69906  69914  69923  69932  69940  69949  69958  69966  69975 

^08 
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N 

0123456789 

500 

69897  69906  69914  69923  69932  69940  69949  69958  69966  69975 

1 

9984  9992  70001  70010  70018  70027  70036  70044  70053  70062 

2 

70070  70079  0088  0096  0105  0114  0122  0131  0140  0148 

0157  0165  0174  0183  0191  0200  0209  0217  0226  0284 

0243  0252  0260  0269  0278  0286  0295  0803  0312  0321 

0329  0338  0346  0355  0364  0372  0381  0889  0398  0406 

0416  0424  0432  0441  0449  0458  0467  0475  0484  0492 

0501  0509  0518  0526  0536  0544  0552  0661  0669  0578 

0586  0595  0603  0612  0621  0629  0638  0646  0665  0663 

0672  0680  0689  0697  0706  0714  0723  0781  0740  0749 

510 

70767  70766  70774  70783  70791  70800  70808  70817  70825  70884 

0842  0851  0859  0868  0876  0885  0893  0902  0910  0919 

0927  0936  0944  0962  0961  0969  0978  0986  0995  1003 

1012  1020  1029  1037  1046  1064  1063  1071  1079  1088 

1096  1105  1118  1122  1130  1139  1147  1155  1164  1172 

1181  1189  1198  1206  1214  1223  1231  1240  1248  1257 

1265  1278  1282  1290  1299  1307  1316  1824  1882  1341 

1849  1367  1366  1374  1383  1391  1899  1408  1416  1425 

1433  1441  1450  1458  1466  1475  1483  1492  1500  1608 

1617  1626  1538  1642  1660  1669  1667  1575  1684  1502 

520 

71600  71609  71617  71625  71634  71642  71660  71659  71667  71675 

1684  1692  1700  1709  1717  1726  1784  1742  1760  1759 

1767  1776  1784  1792  1800  1809  1817  1826  1884  1842 

1860  1868  1867  1876  1883  1892  1900  1908  1917  1925 

1938  1941  1950  1958  1966  1975  1983  1991  1999  2008 

2016  2024  2032  2041  2049  2067  2066  2074  2082  2090 

2099  2107  2116  2128  2132  2140  2148  2lM  2165  2173 

2181  2189  2198  2206  2214  2222  2280  2239  2247  2266 

2268  2272  2280  2288  2296  2304  2313  2321  2829  2387 

2846  2364  2862  2370  2378  2387  2895  2403  2411  2419 

580 

72428  72436  72444  72462  72460  72469  72477  72485  72493  72601 

2609  2518  2626  2534  2542  2560  2668  2667  2575  2683 

2691  2699  2607  2616  2624  2632  2640  2648  2666  2665 

2678  2681  2689  2697  2705  2713  2722  2730  2738  2746 

2764  2762  2770  2779  2787  2795  2803  2811  2819  2827 

2836  2843  2852  2860  2868  2876  2884  2892  2900  2908 

2916  2925  2938  2941  2949  2967  2965  2973  2981  2989 

2997  8006  3014  8022  3080  8038  3046  8064  8062  8070 

8078  3086  3094  8102  3111  8119  8127  3185  3148  3151 

8169  8167  8175  8188  8191  8199  8207  3215  8228  3281 

540 

78289  78247  73266  73263  73272  78280  73288  78296  73304  78812 

8320  3328  3336  3344  3862  3360  8868  3876  8384  8392 

3400  8408  3416  8424  3432  8440  8448  8466  8464  3472 

8480  3488  8496  3504  3512  8620  8628  8686  8544  3552 

8660  8568  8576  3684  8592  3600  3608.8616  8624  8082 

3640  8648  8666  3664  3672  8679  8687  8695  3708  3711 

8719  8727  3735  3743  3751  8759  8767  8775  3783  8791 

8799  3807  3815  3823  8830  3838  3846  8864  8862  8870 

3878  3886  3894  8902  3910  3918  8926  8938  8941  8949 

8957  3966  3973  3981  3989  3997  4005  4018  4020   4028 

550 

74086  74044  74062  74060  74068  74076  74084  74092  74099  74107 

J 
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N 

0123456789 

650 

74036  74044  74052  74060  74068  74076  74084  74092  74099  74107 

1 

4115  4123  4131  4139  4147  4155  4162  4170  4178  4186 

2 

4194  4202  4210  4218  4225  4233  4241  4249  4257  4265 

8 

4273  4280  4288  4296  4304  4312  4320  4327  4335  4343 

4 

4351  4359  4367  4374  4382  4390  4398  4406  4414  4421 

6 

4429  4437  444i  4453  4461  4468  4476  4484  4492  4500 

6 

4507  4515  4523  4531  4539  4547  4554  4562  4570  4578 

7 

4586  4593  4601  4609  4617  4624  4632  4640  4648  4656 

8 

4663  4671  4679  4687  4695  4702  4710  4718  4726  4733 

9 

4741  4749  4757  4764  4772  4780  4788  4796  4803  4811 

560 

74819  74827  74834  74842  74850  74858  74865  74873  74881  74889 

1 

4896  4904  4912  4920  4927  4935  4943  4950  4958  4966 

2 

4974  4981  4989  4997  6005  5012  5020  5028  6035  6043 

8 

5051  5059  5066  5074  6082  5089  6097  6105  6113  6120 

4 

5128  5136  5143  6151  6159  6166  6174  6182  6189  6197 

5 

6205  5213  6220  6228  6236  6243  6251  6259  6266  6274 

6 

6282  6289  6297  5305  6312  6320  6328  6385  6343  6351 

7 

5358  6366  6374  6381  6389  6397  6404  6412  6420  6427 

8 

6435  6442  6450  6458  6465  6473  6481  6488  6496  5504 

9 

6511  6519  6526  6534  6542  6549  6567  6565  6672  6580 

670 

76687  76595  76603  75610  75618  75626  75633  76641  76648  75666 

1 

5664  6671  6679  6686  6694  6702  6709  6717  6724  5732 

2 

5740  5747  5755  6762  6770  6778  6786  6793  6800  6808 

8 

6816  6823  6831  5838  6846  6853  6861  6868  6876  5884 

4 

5891  5899  6906  5914  6921  5929  6937  6944  6952  6959 

6 

5967  6974  6982  5989  6997  6005  6012  6020  6027  6035 

6 

6042  6050  6067  6065  6072  6080  6087  6095  6103  6110 

7 

6118  6125  6133  6140  6148  6155  6163  6170  6178  6185 

8 

6193  6200  6208  6215  6223  6230  6238  6245  6253-6260 

9 

6268  6276  6283  6290  6298  6305  6313  6320  6328  6335 

580 

76343  76350  76358  76365  76373  76380  76388  76396  76403  76410 

1 

6418  6426  6433  6440  6448  6455  6462  6470  6477  6485 

2 

6492  6500  6507  6515  6522  6530  6537  6545  6552  6559 

8 

6567  6574i  6582  6589  6597  6604  6612  6619  6626  6634 

4 

6641  6649  6656  6664  6671  6678  6686  6693  6701  6708 

5 

6716.6723  6730  6738  6745  6753  6760  6768  6775  6782 

6 

6790  6797  6805  6812  6819  6827  6834  6842  6849  6856 

7 

6864  6871  6879  6886  6893  6901  6908  6916  6923  6930 

8 

6938  6945  6953  6960  6967  6975  6982  6989  6997  7004 

9 

7012  7019  7026  7034  7041  7048  7056  7063  7070  7078 

&00 

77086  77093  77100  77107  77115  77122  77129  77137  77144  77151 

1 

7159  7166  7173  7181  7188  7195  7203  7210  7217  7225 

s 

7232  7240  7247  7254  7262  7269  7276  7283  7291  7298 

8 

7305  7313  7320  7327  7335  7342  7349  7357  7364  7371 

4 

7379  7386  7393  7401  7408  7415  7422  7430  7437  7444 

6 

7452  7459  7466  7474  7481  7488  7495  7503  7510  7517 

6 

7525  7532  7539  7546  7554  7561  7568  7576  7583  7590 

7 

7597  7605  7612  7619  7627  7634  7641  7648  7656  7663 

8 

7670  7677  7685  7692  7699  7706  7714  7721  7728  7735 

9 

7743  7750  7757  7764  7772  7779  7786  7793  7801  7808 

300 

77816  77822  77830  77837  77844  77851  77869  77866  77873  77880 
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N 

0123456789 

600 

77815  77822  77830  77837  77844  77861  77859  77866  77873  77880 

1 

7887  7895  7902  7909  7916  7924  7931  7938  7945  7952 

2 

7960  7967  7974  7981  7988  7996  8003  8010  8017  8025 

8032  8039  8046  8053  8061  8068  8075  8082  8089  8097 

8104  8111  8118  8125  8132  8140  8147  8154  8161  8168 

8176  8183  8190  8197  8204*  8211  8219  8226  8233  8240 

8247  8254  8262  8269  8276  8283  8290  8297  8305  8312 

8319  8326  8333  8340  8347  8355  8362  8369  8376  8383 

8390  8398  8405  8412  8419  8426  8433  8440  8447  8455 

8462  8469  8476  8483  8490  8497  8504  8512  8519  8626 

610 

78533  78540  78547  78554  78561  78569  78576  78583  78590  78597 

8604  8611  8618  8625  8633  8640  8647  8654  8661  8668 

8675  8682  8689  8696  8704  8711  8718  8725  8732  8739 

8746  8753  8760  8767  8774  8781  8789  8796  8803  8810 

8817  8824  8831  8838  8845  8852  8859  8866  8873  8880 

8888  8895  8902  8909  8916  8923  8930  8937  8944  8961 

8958  8965  8972  8979  8986  8993  9000  9007  9014  9021 

9029  9036  9043  9050  9057  9064  9071  9078  9085  9092 

9099  9106  9113  9120  9127  9134  9141  9148  9155  9162 

9169  9176  9183  9190  9197  9204  9211  9218  9225  9232 

620 

79239  79246  79253  79260  79267  79274  79281  79288  79295  79302 

9309  9316  9323  9330  9337  9344  9351  9358  9365  9372 

9379  9386  9393  9400  9407  9414  9421  9428  9435  9442 

9449  9456  9463  9470  9477  9484  9491  9498  9505  9511 

9518  9525  9532  9539  9546  9553  9560  9567  9574  9581 

9588  9595  9602  9609  9616  9623  9630  9637  9644  9650 

9657  9664  9671  9678  9685  9692  9699  9706  9713  9720 

9727  9734  9741  9748  9754  9761  9768  9775  9782  9789 

9796  9803  9810  9817  9824  9831  9837  9844  9851  9858 

9865  9872  9879  9886  9893  9900  9906  9913  9920  9927 

680 

79934  79941  79948  79955  79962  79969  79975  79982  79989  79996 

80003  80010  80017  80024  80030  80037  80044  80051  80058  80065 

0072  0079  0085  0092  0099  0106  0113  0120  0127  0134 

0140  0147  0154  0161  0168  0175  0182.0188  0196  0202 

0209  0216  0223  0229  0236  0243  0250  0257  0264  0271 

0277  0284  0291  0298  0305  0312  0318  0325  0332  0339 

0346  0363  0359  0366  0373  0380  0387  0393  0400  0407 

0414  0421  0428  0434  0441  0448  0455  0462  0468  0475 

0482  0489  0496  0502  0509  0516  0523  0530  0536  0543 

0550  0557  0564  0570  0577  0584  0591  0698  0604  0611 

640 

80618  80625  80632  80638  80645  80652  80659  80665  80672  80679 

0686  0693  0699  0706  0713  0720  0726  0733  0740  0747 

0754  0760  0767  0774  0781  0787  0794  0801  0808  0814 

9 

0821  0828  0835  0841  0848  0855  0862  0868  0876  0882 

0889  0896  0902  0909  0916  0922  0929  0936  0943  0949 

0956  0963  0969  0976  0983  0990  0996  1003  1010  1017 

1023  1030  1037  1043  1050  1057  1064  1070  1077  1084 

1090  1097  1104  1111  1117  1124  1131  1137  1144  1151 

1158  1164  1171  1178  1184  1191  1198  1204  1211  1218 

1224  1231  1238  1245  1251  1258  1265  1271  1278  1285 

650 

81291  81298  81305  81311  81318  81325  81331  81338  81345  81351 
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N 

01234:56789 

650 

81291  81298  81305  81311  81318  81325  81331  81338  8134^  81351 

1 

1358  136i  1371  1378  1385  1391  1398  1405  1411  1418 

2 

1425  1431  1438  1445  1451  1458  1465  1471  1478  1485 

8 

1491  1498  1505  1511  1518  1525  1531  1538  1544  1551 

4 

1558  1564  1571  1578  1584  1591  1598  1604  1611  1617 

6 

1624  1631  1637  1644  1651  1657  1664  1671  1677  1684 

6 

1690  1697  1704  1710  1717  1723  1730  1737  1743  1750 

7 

1757  1763  1770  1776  1783  1790  1796  1803  1809  1816 

8 

1823  1829  1836  1842  1849  1856  1862  1869  1875  1882 

9 

1889  1895  1902  1908  1915  1921  1928  1935  1941  1948 

660 

81954  81961  81968  81974  81981  81987  81994  82000  82007  82014 

1 

2020  2027  2033  2040  2046  2053  2060  2066  2073  2079 

2 

2086  i2092  2099  2105  2112  2119  2126  2132  2138  2145 

8 

2151  2158  2164  2171  2178  2184  2191  2197  2204  2210 

4 

2217  2223  2230  2236  2243  2249  2256  2263  2269  2276 

5 

2282  2289  2295  2302  2308  2315  2321  2328  2334  2341 

6 

2347  2354  2360  2367  2373  2380  2387  2393  2400  2406 

7 

2413  2419  2426  2432  2439  2445  2452  2458  2465  2471 

8 

2478  2484  2491  2497  2504  2510  2517  2523  2530  2536 

9 

2543  2549  2656  2562  2569  2575  2582  2588  2595  260t 

670 

82607  82614  82620  82627  82633  82640  82646  82653  82659  82666 

1 

2672  2679  2685  2692  2698  2705  2711  2718  2724  2730 

2 

2737  2743  2750  2756  2763  2769  2776  2782  2789  2795 

8 

2802  2808  2814  2821  2827  2834  2840  2847  2853  2860 

4 

2866  2872  2879  2885  2892  2898  2905  2911  2918  2924 

5 

2930  2937  2943  2950  2956  2963  2969  2975  2982  2988 

6 

2995  3001  3008  3014  3020  3027  3033  3040  3046  3052 

7 

8059  3065  3072  3078  3085  3091  3097  3104  3110  3117 

8 

3123  3129  3136  3142  3149  3155  3161  3168  3174  3181 

9 

3187  3193  3200  3206  3213  3219  3226  3232  3238  3245 

680 

83251  83257  83264  83270  83276  83283  83289  83296  83302  83308 

1 

3315  3321  3327  3334  3340  3347  3353  3359  3366  3372 

2 

3378  3385  3391  3398  3404  3410  3417  3423  3429  3436 

3 

3442  3448  3455  3461  3467  3474  3480  3487-3493  3499 

4 

3506  3512  3518  3525  3531  3537  3544  3550  3556  3563 

6 

3569  3575  3582  3588  3594  3601  3607  3613  3620  3626 

6 

3632  3639  3645  8651  8658  8664  3670  3677  3683  3689 

7 

3696  3702  3708  3715  3721  3727  3734  3740  3746  3753 

8 

8759  8765  8771  8778  8784  3790  8797  8803  8809  8816 

9 

8822  8828  8835  3841  8847  8853  8860  8866  3872  3879 

690 

83885  83891  83897  83904  83910  83916  83923  83929  83936  88942 
8948  3954  3960  8967  8973  3979  8985  8992  3998  4004 

1 

2 

4011  4017  4023  4029  4036  4042  4048  4055  4061  4067 

8 

4073  4080  4086  4092  4098  4105  4111  4117  4123  4130 

4 

4136  4142  4148  4155  4161  4167  4173  4180  4186  4192 

6 

4198  4205  4211  4217  4223  4230  4236  4242  4248  4255 

6 

4261  4267  4273  4280  4286  4292  4298  4305  4311  4317. 
4823  4330  4336  4342  4348  4354  4361  6367  4373  4379 

7 

8 

4386  4392  4398  4404  4410  4417  4423  1429  4435  4442 

9 

4448  4454  4460  4466  4473  4479  4485  4491  4497  4504 

700 

84610  84616  84522  84528  8453^  84541  84547  84558  84659  84566 
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N 

O   123   45   67   89 

700  84610  84616  84622  84528  84635  84641  84647  84663  84669  84566 1 

1 

4672  4678  4684  4590  4697  4603  4609  4615  4621  4628 

2 

4634  4640  4646  4652  4668  4665  4671  4677  4683  4689 

8 

4696  4702  4708  4714  4720  4726  4733  4739  4745  4751 

4 

4757  4763  4770  4776  4782  4788  4794  4800  4807  4813 

6 

4819  4825  4831  4837  4844  4850  4856  4862  4868  4874 

6 

4880  4887  4893  4899  4905  4911  4917  4924  4930  4936 

7 

4942  4948  4954  4960  4967  4973  4979  4985  4991  4997 

8 

5003  5009  6016  5022  5028  6034  6040  5046  5062  5058 

9 

5065  5071  5077  5083  5089  5095  5101  5107  5114  5120 

710 

85126  85132  85138  85144  85150  85156  85163  85169  85175  85181 

1 

5187  5193  6190  5205  6211  5217  5224  6230  5236  5242 

2 

5248  5264  5260  5266  5272  5278  5285  5291  5297  6303 

8 

6309  5315  6321  5327  5333  5339  6345  5352  5368  5364 

4 

5370  5376  5382  5388  5394  5400  5406  6412  5418  6425 

6 

5431  5437  5443  6449  5455  5461  6467  5473  5479  5485 

6 

5491  5497  5503  5609  5516  5522  5528  5534  5540  6546 

7 

5652  6668  5664  5670  5676  5682  5588  5594  5600  5606 

8 

5612  5618  6625  6631  5637  5643  5649  6655  5661  5667 

9 

5673  5679  5685  5691  5697  5703  5709  5715  5721  5727 

720 

85733  85739  85745  85751  85757  85763  85769  85775  86781  85788 

^  1 

6794  5800  6806  5812  6818  5824  6830  6836  5842  5848 

2 

6854  5860  5866  5872  6878  6884  5890  5896  5902  5908 

8 

6914  6920  5926  5932  5938  5944  5950  5966  5962  5968 

4 

5974  6980  5986  5992  6998  6004  6010  6016  6022  6028 

6 

6034  6040  6046  6052  6068  6064  6070  6076  6082  6088 

6 

6094  6100  6106  6112  6118  6124  6130  6136  6141  6147 

7 

6153  6169  6165  6171  6177  6183  6189  6195  6201  6207 

8 

6213  6219  6225  6231  6237  6243  6249  6255  6261  6267 

9 

.6273  627.9  6285  6291  6297  6303  6308  6314  6320  6326 

780 

86332  86338  86344  86360  86356  86362  86368  86374  86380  86386 

1 

6392  6398  6404  6410  6415  6421  6427  6433  6439  6445 

2 

6451  6467  6463  6469  6475  6481  6487  6493  6499  6504 

8 

6510  6616  6622  6528  6634  6540  6646  6662  6568  6564 

4 

6570  6576  6681  6687  6593  6699  6605  6611  6617  6623 

6 

6629  6635  6641  6646  6652  6658  6664  6670  6676  6682 

6 

6688  6694  6700  6705  6711  6717  6723  6729  6735  6741 

7 

6747  6763  6759  6764  6770  6776  6782  6788  6794  6800 

8 

6806  6812  6817  6823  6829  6835  6841  6847  6853  6859 

9 

6864  6870  6876  6882  6888  6894  6900  6906  6911  6917 

740 

86923  86929  86935  86941  86947  86963  86968  86964  86970  86976 

1 

6982  6988  6994  6999  7005  7011  7017  7023  7029  7035 

2 

7040  7046  7062  7058  7064  7070  7075  7081  7087  7093 

8 

7099  7105  7111  7116  7122  7128  7134  7140  7146  7151 

4 

7157  7163  7169  7175  7181  7186  7192  7198  7204  7210 

5 

7216  7221  7227  7233  7239  7245  7251  7266  7262  7268 

6 

7274  7280  7286  7291  7297  7303  7309  7315  7320  7326 

7 

7332  7338  7344  7349  7366  7361  7367  7373  7379  7384 

8 

7390  7396  7402  7408  7413  7419  7425  7431  7437  7442 

9 

7448  7464  7460  7466  7471  7477  7483  7489  749i  7600 

750 

87506  87612  87518  87623  87629  87536  87541  87547  87552  87668 
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N 

0123450789 

760 

87506  87612  87518  87523  87529  87535  87541  87547  87552  87658 

1 

7564  7570  7576  7681  7587  7593  7599  7604  7610  7616 

2 

7622  7628  7633  7639  7645  7651  7656  7662  7668  7674 

8 

7679  7685  7691  7697  7703  7708  7714  7720  7726  7731 

4 

7737  7743  7749  7754  7760  7766  7772  7777  7783  7789 

5 

7795  7800  7806  7812  7818  7823  7829  7835  7841  7846 

6 

7852  7858  7864  7869  7875  7881  7887  7892  7898  7904 

7 

7910  7915  7921  7927  7933  7938  7944  7950  7955  7961 

8 

7967  7973  7978  7984  7990  7996  8001  8007  8013  8018 

9 

8024  8030  8036  8041  8047  8053  8058  8064  8070  8076 

760 

88081  88087  88093  88098  88104  88110  88116  88121  88127  88183 

1 

8138  8144  8150  8156  8161  8167  8173  8178  8184  8190 

2 

8195  8201  8207  8213  8218  8224  8230  8235  8241  8247 

8 

8262  8258  8264  8270  8275  8281  8287  8292  8298  8304 

4 

8309  8316  8321  8326  8332  8338  8343  8349  8355  8360 

6 

8366  8372  8377  8383  8389  8395  8400  8406  8412  8417 

6 

8423  8429  8434  8440  8446  8451  8457  8463  8468  8474 

7 

8480  8486  8491  8497  8502  8508  8613  8619  8525  8630 

8 

8536  8542  8547  8563  8559  8664  8570  8576  8581  8587 

9 

8593  8598  8604  8610  8615  8621  8627  8632  8638  8643 

770 

88649  88665  88660  88666  88672  88677  88683  88689  88694  88700 

1 

8705  8711  8717  8722  8728  8734  8739  8745  8750  8756 

2 

8762  8767  8773  8779  8784  8790  8796  8801  8807  8812 

8 

8818  8824  8829  8835  8840  8846  8852  8857  8863  8868 

4 

8874  8880  8886  8891  8897  8902  8908  8913  8919  8925 

6 

8930  8936  8941  8947  8953 ,  8958  8964  8969  8975  8981 

6 

8986  8992  8997  9003  9009  9014  9020  9025  9031  9037 

7 

9042  9048  9053  9059  9064  9070  9076  9081  9087  9092 

8 

9098  9104  9109  9115  9120  9126  9131  9137  9143  9148 

9 

9154  9159  9165  9170  9176  9182  9187  9193  9198  9204 

780 

89209  89215  89221  89226  89282  89237  89243  89248  89254  89260 

1 

9265  9271  9276  9282  9287  9293  9298  9304  9310  9315 

2 

9321  9326  9332  9337  9343  9348  9354  9360  9366  9371 

8 

9376  9382  9387  9393  9398  9404  9409  9415  9421  9426 

4 

9432  9437  9443  9448  9454  9459  9465  9470  9476  9481 

5 

9487  9492  9498  9504  9509  9515  9520  9526  9531  9637 

6 

9542  9548  9553  9659  9564  9570  9575  9581  9586  9592 

7 

9697  9603  9609  9614  9620  9626  9631  9636  9642  9647 

8 

9653  9668  9664  9669  9675  9680  9686  9691  9697  9702 

9 

9708  9713  9719  9724  9730  9736  9741  9746  9752  9767 

790 

89763  89768  89774  89779  89785  89790  89796  89801  89807  89812 

1 

9818  9823  9829  9834  9840  9845  9851  9856  9862  9867 

2 

9873  9878  9883  9889  ^9894  9900  9905  9911  9916  9922 

8 

9927  9933  9938  9944  9949  9955  9960  9966  9971  9977 

4 

9982  9988  9993  9998  90004  90009  90015  90020  90026  90031 

5 

90037  90042  90048  90053  0059  0064  0069  0075  0080  0086 

6 

0091  0097  0102  0108  0113  0119  0124  0129  0135  0140 

7 

0146  0151  0157  0162  0168  0173  0179  0184  0189  0195 

8 

0200  0206  0211  0217  0222  0227  0233  0238  0244  0249 

9 

0255  0260  0266  0271  0276  0282  0287  0293  0298  0304 

800 

90309  90314  90320  90325  90331  90336  90342  90347  90362  90368 

J 


714 
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N 

0123450789 

800 

90309  90314  90320  90326  90331  90336  90342  90347  90352  90358 

1 

0363  0369  0374  0380  0385  0390  0396  0401  0407  0412 

2 

0417  0423  0428  0434  0439  0445  0450  0455  0461  0466 

3 

0472  0477  0482  0488  0493  0499  0504  0509  0515  0620 

4 

0526  0531  0536  0542  0547  0553  0558  0563  0569  0674 

6 

0580  0585  0590  0596  0601  0607  0612  0617  0623  0628 

6 

0634  0639  0644  0650  0656  0660  0666  0671  0677  0682 

7 

0687  0693  0698  0703  0709  0714  0720  0726  0730  0736 

8 

0741  0747  0762  0767  0763  0768  0773  0779  0784  0789 

9 

0795  0800  0806  0811  0816  0822  0827  0832  0838  0843 

810 

90849  90864  90869  90865  90870  90876  90881  90886  90891  90897 

1 

0902  0907  0913  0918  0924  0929.  0934  0940  0945  0950 

2 

0966  0961  0966  0972  0977  0982  0988  0993  0998  1004 

8 

1009  1014  1020  1026  1030  1036  1041  1046  1062  1057 

4 

1062  1068  1073  1078  1084  1089  1094  1100  1105  1110 

6 

1116  1121  1126  1132  1137  1142  1148  1153  1158  1164 

6 

1169  1174  1180  1185  1190  1196  1201  1206  1212  1217 

7 

1222  1228  1233  1238  1243  1249  1254  1259  1265  1270 

8 

1276  1281  1286  1291  1297  1302  1307  1312  1318  1323 

9 

1328  1334  1339  1344  1350  1365  1360  1365  1371  1376 

820 

91381  91387  91392  91397  91403  91408  91413  91418  91424  91429 

1 

1434  1440  1445  1460  1456  1461  1466  1471  1477  1482 

2 

1487  1492  1498  1503  1508  1514  1519  1524  1529  1535 

3 

1640  1546  1561  1666  1661  1566  1572  1577  1582  1687 

4 

1593  1598  1603  1609  1614  1619  1624  1630  1635  1640 

5 

1645  1651  1656  1661  1666  1672  1677  1682  1687  1693 

6 

1698  1703  1709  1714  1719  1724  1730  1735  1740  1745 

7 

1761  1756  1761  1766  1772  1777  1782  1787  1793  1798 

8 

1803  1808  1814  1819  1824  1829  1834  1840  1845  1860 

9 

1856  1861  1866  1871  1876  1882  1887  1892  1897  1903 

880 

91908  91913  91918  91924  91929  91934  91939  91944  91950  91965 

1 

1960  1966  1971  1976  1981  1986  1991  1997  2002  2007 

2 

2012  2018  2023  2028  2033  2038  2044  2049  2054  2069 

3 

2065  2070  2075  2080  2086  2091  2096  2101  2106  2111 

4 

2117  2122  2127  2132  2137  2143  2148  2153  2168  2163 

5 

2169  2174  2179  2184  2189  2195  2200  2205  2210  2216 

6 

2221  2226  2231  2236  2241  2247  2252  2257  2262  2267 

•  7 

2273  2278  2283  2288  2293  2298  2304  2309  2314  2319 

8 

2324  2330  2335  2340  2346  2360  2356  2361  2366  2371 

9 

2376  2381  2387  2392  2397  2402  2407  2412  2418  2423 

840 

92428  92433  92438  92443  92449  92464  92459  92464  92469  92474 

1 

2480  2485  2490  2495  2500  2505  2511  2616  2521  2526 

2 

2531  2536  2542  2547  2552  2557  2562  2567  2572  2578 

3 

2583  2588  2593  2598  2603  2609  2614  2619  2624  2629 

4 

2634  2639  2645  2650  2655  2660  2666  2670  2676  2681 

5 

2686  2691  2696  2701  2706  2711  2716  2722  2727  2732 

6 

2737  2742  2747  2752  2758  2763  2768  2773  2778  2783 

7 

2788  2793  2799  2804  2809  2814  2819  2824  2829  2834 

8 

2840  2845  2850  2855  2860  2866  2870  2876  2881  2886 

9 

2891  2896  2901  2906  2911  2916  2921  2927  2932  2937 

S50 

92942  92947  92962  92957  92962  92967  92973  92978  92983  92988 

TABLE  XVII.- 
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711 

N 

O   1   2 

8   4   5   6   7   8 

9 

8S0 

92942  92947  92962  92967  92962  92967  92973  92978  92983  92988 

1 

2993  2998  3003 

3008  3013  3018  3024  3029  3034 

3039 

8 

3044  3049  3064 

3059  3064  3069  3075  3080  3085 

3090 

3 

3095  3100  3106 

3110  3115  3120  3125  3131  3136 

3141 

4 

3146  3151  3166 

3161  3166  3171  3176  3181  3186 

3192 

►6 

3197  3202  3207 

3212  3217  3222  3227  3232  3237 

3242 

6 

3247  3262  3268 

3263  3268  3273  3278  3283  3288 

3293 

7 

3298  3303  3308 

3313  3318  3323  3328  3334  3339 

3344 

8 

3349  3364  3359 

3364  3369  3374  3379  3384  3389 

3394 

9 

3399  3404  3409 

3414  3420  3425  3430  3435  3440 

3445 

860 

93450  93455  93460  93465  93470  93475  93480  93485  93490  93496 

1 

3500  3505  3510 

3516  3520  3526  3531  3636  3541 

3546 

2 

3561  3566  3561 

3566  3671  3576  3581  3686  3591 

3596 

8 

3601  3606  3611 

3616  3621  3626  3631  3636  3641 

3646 

4 

3661  3656  3661 

3666  3671  3676  3682  3687  3692 

3697 

6 

3702  3707  3712 

3717  3722  3727  3732  3737  3742 

3747 

6 

3752  3757  3762 

3767  3772  3777  3782  3787  3792 

3797 

7 

3802  3807  3812 

3817  3822  3827  3832  3837  3842 

3847 

8 

3852  3857  3862 

3867  3872  3877  3882  3887  3892 

3897 

9 

3902  3907  3912 

3917  3922  3927  3932  3937  3942 

3947 

870 

93952  93957  93962  93967  93972  93977  93982  93987  93992  93997 

1 

4002  4007  4012 

4017  4022  4027  4032  4037  4042 

4047 

2 

4062  4057  4062 

4067  4072  4077  4082  4086  4091 

4096 

3 

4101  4106  4111 

4116  4121  4126  4131  4136  4141 

4146 

4 

4151  4156  4161 

4166  4171  4176  4181  4186  4191 

4196 

5 

4201  4206  4211 

4216  4221  4226  4231  4236  4240 

4245 

6 

4260  4255  4260 

4265  4270  4275  4280  4285  4290 

4295 

7 

4300  4305  4310 

4315  4320  4325  4330  4335  4340 

4345 

8 

4349  4354  4359 

4364  4369  4374  4379  4384  4389 

4394 

9 

4399  4404  4409 

4414  4419  4424  4429  4433  4438 

4443 

880 

94448  94453  94458  94463  94468  94473  94478  94483  94488  94493 

1 

4498  4503  4507 

4612  4517  4522  4627  4532  4637 

4542 

2 

4547  4562  4567 

4562  4567  4571  4576  4681  4586 

4591 

3 

4596  4601  4606 

4611  4616  4621  4626  4630  4636 

4640 

4 

4645  4660  4655 

4660  4665  4670  4675  4680  4685 

4689 

5 

4694  4699  4704 

4709  4714  4719  4724  4729  4734 

4738 

6 

4743  4748  4753 

4758  4763  4768  4773  4778  4783 

4787 

7 

4792  4797  4802 

4807  4812  4817  4822  4827  4832 

4836 

8 

4841  4846  4851 
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The  ordinary  methods  of  interpolation  for  seconds  of  arc 
are  not  accurate  for  sines,  tangents,  and  cotangents  when  angles 
are  between  0°  and  2°,  or  for  cosines  when  angles  are  between 
88°  and  90°.  When,  therefore,  great  accuracy  is  desired  the 
methods  given  below  may  be  used 

I.  Given:  Angle  A.     Required:    log  sin  A. 

log  sin  A  =  log  A  (in  seconds)  +  {q—l)  for  sin.* 

II.  Given:  log  sin  A.    Required:   Angle  A, 

log  A  (in  seconds)  =  log  sin  A  — (g— Z)  for  sin.* 

Illustration  T: 

To  find  log  sin  0°  36'  25". 
log  A  in  sec.  (2185")     =   3.339451 
(q  - 1)  for  0°  36'  (sin)*  =   4.685567 

Io&  sin  0°  36' 25"  =   8.025018 


Illustration  II: 
log  sin  A  =  8.096340.     Find  A, 
log  sin  A  =8.096340 

(<Z  -  /)  for  sin*  =  4.685564 


log  A  (in  sec.)  =3.410776 

A  (in  sec. )   =  2575'  ot  A  *=  0°  42'  66" 

III.  Given:   Angle  A.    Required:    log  tan  A. 

log  tan  A  =  \og  A  (in  seconds)  4- (3— 0  for  tan.* 

IV.  Given:  log  tan  A .     Required:    Angle  A . 

log  A  (in  seconds)  =  log  tan  A  —  (q—l)  for  tan,* 


Illustration  III: 

To  find  log  tan  0'  36'  25". 
Iogi4insec.  (2185")     =3.339451 
{q-D  for0°  36'  (tan)*=   4.685591 

log  tan  0°  36'  25"         =   8.025042 


Illustration  IV: 
log  tan  A  =   8.220000.     Find  A. 
log  tan  A         .=   8.220000 
(g-Ofortan*=   4.685615 

log  .4  (in  sec.)  =   3.534385 

A  (in  sec. )       =  3423"  or  A  =  0'»  57'  03" 


V.  Given:   Angle  A.    Required:   log  cot  A. 

log  cot  A  =«  (g+ 0  —  log  A  (in  seconds). 
VI.  Given:  log  cot  A,     Required:   Angle  A, 

log  A  (in  seconds)  =  (q  +  l)  —  log  cot  A, 


Illustration  V: 

To  find  log  cot  0*  56'  12". 
(q+l)  =15.314387 

log  A  in  sec.  (3372")     =   3.527888 

log  cot  A  =11.786499 


Illustration  VI: 
log  cot  A  =  12.000  000.     Find  A. 
(q  +  l)  =15.314  411 

log  cot  A         =  12.000  000 


log  A  (insec.)=  3.314411 

A  (in  sec.)  =  2063"  or  A  =  O'*  34'  23" 

Cosines. — When  the  cosine  of  an  angle  from  88°  to  90°  is 
given  or  required,  use  the  sine  of  90°  minus  the  angle,  proceed- 
ing as  above. 


*  For  all  angles  up  to  2°  the  first  four  figures  of  (9— 0  are  4.685  and 
.he  first  five  figures  of  (q  +  l)  are  15.314.  The  last  three  figures  are  to 
be  found  in  the  column  headed  (q—l)  or  (q  +  l)  opposite  the  angle  most 


nearly  corresponding  to  A.     Note  that  the  (a— I)  column  is  double,  the 
left-hand  half  being  used  for  sines  and  the  right-band  half  for  tangents. 
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8120 

1  52 

.179713 

558 

608 

.179763 

.820237 

392 

.999960 

8 

8180 

53 

.187985 

568 

609 

.188036 

.811964 

891 

.999948 

7 

8240 

54 

.196102 

557'  611 

.196156 

.803814 

389 

.999016 

6 

8300 

56 

.204070 

556  612 

.204126 

.795874 

388 

.999014 

6 

8360 

56 

.211805 

556  613 

.211953 

.788017 

387 

.999942 

4 

9420 

57 

.219581 

556  ,616 

.219611 

.780359 

886 

.999040 

8 

8480 

58 

.227184 

664  |«16 

.22n95 

.772805 

384 

.999938 

2 

8540 

50 

.284657 

664  1618 

.234621 

.765379 

882 

.999986 

1 

•600 

60 

8.911866 

668  ,619 

8.241921 

11.768079 

881 

9.999084 

0 

4.0B5 

15.814 

«r 

/ 

Ck)aine. 

g-i 

Cotang. 

Tang. 

q-\-l 

Dl' 

Sine. 

/ 

w 
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TABLE 

XVIII. 

—LOGARITHMIC  SINES. 

I7t» 

// 

t 

Sine. 

«-I 

Tang. 

Cotang. 

3  +  2 

Dl' 

CJosIna 

/ 

4.686  1 

16.814 

8600 

C 

8.S41855 

653! 

619 

8.241921 

11.758079 

881 

.010 
.05 
.03 
.08 
.06 
.06 
.08 
.06 
.03 
.05 

9.099984 

eo 

8660 

1 

.249088 

sse 

620 

.249102 

.750698 

880 

.099082 

59 

8730 

% 

.266094 

661 

622 

.256165 

.748835 

878 

.999929 

68 

8780 

8 

263042 

651 

628 

.263115 

.786885 

877 

.999927 

67 

8840 

4 

.269881 

550 

626 

.269966 

.780044 

87& 

.099925 

56* 

8900 

5 

.276614 

649 

627 

.276691 

.728309^ 

878 

999922 

55 

8860 

6 

.288248 

548 

628 

.283328 

.716677 

872 

.999920 

54 

4020 

7 

.289778 

647 

630 

.289656 

.710144 

870 

.999918 

68 

4080 

8 

.296207 

546 

632 

.296292 

.708708 

868 

.999915 

62 

4140 

9 

.802546 

546, 

683 

.802634 

.697866 

867 

.999918 

61 

4800 

10 

.808794 

545' 

686 

.806884 

691116 

865 

.999910 

50 

4260 

11 

8.814954 

644' 

687 

8.315046 

11.684954 

868 

.05 
.08 
.06 
.06 
.08 
.05 
.05 
.06 
.06 
.06 

9.999907 

49 

4820 

12 

.821027 

543 

688 

.821122 

.678878 

862 

.999905 

48 

4880 

18 

.827016 

642 

640 

.327114 

.672886 

860 

.999902 

47 

4440 

14 

.832924 

641 

642 

.333025 

.666075 

858 

.999699 

46 

4500 

15 

.838753 

540 

644 

.338856 

.661144 

856 

.999897 

45 

4560 

16 

.844504 

589 

646 

.344610 

.655390 

854 

.999894 

44 

4620 

17 

.850181 

639 

648 

.850289 

.649711 

852 

.999691 

43 

4680 

18 

.855788 

638 

649 

.355895 

.644105 

861 

.999688 

42 

4740 

19 

.861816 

637 

661 

.361430 

.638670 

840 

.999685 

41 

4800 

20 

.866777 

536i 

663 

.866895 

.683105 

8^ 

.999882 

40 

4860 

21 

8.872171 

5851 

655 

8.372292 

11.627708 

845 

.05 
.05 
.06 
.06 
.05 
.06 
.05 
.05 
.07 
.06 

9.999879 

89 

4920 

22 

.877499 

684< 

667 

.377622 

.622378 

848 

.999876 

88 

4980 

23 

.882762 

533 

659 

.382889 

.617111 

841 

.999878 

87 

5040 

24 

.887962 

682 

661 

.888092 

.611908 

889 

.999870 

86 

5100 

25 

.893101 

681 

668 

.893284 

.606766 

887 

.999667 

86 

6160  ^  26 

.898179 

630 

666 

.898316 

.601685 

884 

.999664 

34 

5^20 

27 

.408199 

5291 

668 

.403388 

.596662 

832 

.999861 

83 

5280 

28 

.408161 

527 

670 

.408304 

.691696 

880 

.999858 

32 

6340 

29 

.418068 

526 

672 

.418218 

.586787 

828 

.999854 

81 

5400 

80 

.417919 

525 

674 

.418068 

.581982 

826 

.999861 

80 

5460 

81 

8.422717 

524 

676 

8.422869 

11.677181 

8^ 

.06 
.07 
.06 
.06 
.07 
.06 
.07 
.06 
.07 
SR 

9.999848 

29 

5520 

82 

.427462 

523! 

679 

.427618 

.672382 

821 

.999844 

28 

5680 

88 

.482156 

522 

681 

.432316 

.667685 

819 

.999841 

27 

5640 

84 

.436800 

621 

688 

.486962 

.663088 

817 

.999888 

26 

57('0 

85 

.441394 

520 

685 

.441560 

.658440 

815 

.999684 

25 

5760 

86 

.445941 

618 

688 

.446110 

.658890 

812 

.999881 

24 

5820 

37 

.450440 

617  1 

690 

.460613 

.549887 

810 

.999827 

28 

5880 

38 

.454893 

516 

698 

.455070 

.644930 

807 

.999824 

22 

5940 

39 

•  .459301 

615 

695 

.459481 

.640519 

806 

.999820 

21 

6000 

40 

.463665 

514 

607 

.463849 

.686151 

808 

.999816 

20 

6060 

41 

8.467d85 

612 

700 

8.468172 

11.681828 

800 

.06 

.07 
.07 
.07 
.07 

•2g 

.07 
.07 
.07 
.07 

9.999813 

19 

6120 

42 

.472263 

611 

702 

.473464 

.527646 

296 

.999809 

18 

6180 

43 

.476496 

510 

705 

.476693 

.528307 

296 

.999805  1  17  1 

6»40 

44 

.480693 

509 

707 

.480892 

.619106 

298 

.999801 

16 

6300 

45 

.484848 

507 

710 

.485050 

.614950 

290 

.919797 

15 

6860 

46 

.488963 

506 

713 

.489170 

.610680 

287 

.999794 

14 

6420 

47 

.493010 

505; 

715 

.493250 

.606750 

286 

.999790 

18 

6480 

48 

.497078 

503 

718 

.497293 

.502707 

282 

.999786 

12 

6540 

49 

.501080 

502 

720 

.601298 

.496702 

280 

.999782 

11 

6600 

60 

.506045 

601 

723 

.505267 

.494733 

277 

.999778 

10 

6660 

61 

8.508974 

499 

796 

8.509200 

11.490600 

27: 

.07 
.08 
.07 
.07 
.07 
.07 
.08 
.07 
.07 

9.999774 

9 

6720 

62 

4961 

729 

.513098 

.486902 

271 

.999769 

8 

6780 

53 

497 

781 

.616961 

.483089 

269 

.999766 

\ 

6840 

64 

*  620^1 

495 

784 

.520790 

.479210 

266 

.999761 

6900 

65 

.624343 

494 

787 

.524586 

.475414 

263 

.999757 

6 

6960 

66 

.628102 

492 

740 

.588349 

.471661 

260 

.099758 

4 

7020 

67 

.681828 

491 

748 

.632080 

.467920 

267 

.999748 

8 

7080 

68 

.686523 

490 

74fi 

.635779 

.464221 

255 

.099744 

2 

7140 

59 

.639186 

488 

748 

.639447 

.460553 

252 

.999740 

1 

1200 

60 

8.542819 

487 

751 

8.643084 

11.456916 

249 

9.099735 

0 

4.685 

15.814 

/ 

Cosine.  |  q.-l 

Ootang. 

Tang. 

D? 

Sine. 

/ 

n« 


720 
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Bine. 


8  542819 
.546422 
.549995 
.553539 
.557064 
.560640 


.567431 
.570836 
.674214 
.677566 

8.580892 
.584193 


.590721 
.593948 
.597152 


.609734 

8.612823 
.615891 
.618937 


.627948 
.630911 


.636776 


8.642563 
.645428 
.648274 
.661102 
.653911 
.656702 
.659475 


8.670393 
.678080 
.675751 
.678405 
.<i81043 
.688665 
.686272 


.691438 


8.696543 
.699073 
.701589 
.704090 
.706577 
.709049 
.711507 
.713952 
.716883 

8.718800 

Coriue. 


D.r. 


60.05 
59.55 
59.07 
58.58 
58.10 
67.65 
67.20 
66.75 
56.30 
65.87 
65.43 

55.02 
54.60 
54.20 
58.78 
53.40 
53.00 
52.62 
52.23 
51.85 
51.48 

51.18 

60.77 
50.42 
50.05 
49.72 
49.38 
49.05 
48.70 
48.40 
48.05 

47.75 
47.48 
47.13 
46.82 
46.52 
46.22 
45.92 
45.63 
45.36 
46.07 

4t.78 
U  52 
4^23 
4:^97 
4. -J  70 
Vi  46 
Jril8 
4if.92 
42.67 
42.42 

42.17 
41.93 
41.68 
41.46 
41.20 
40.97 
40.75 
40.52 
40.28 

D.r. 


Cosine. 


9.999785 
.999731 


.999722 
.999717 
.999713 
.999708 
.999704 


.999675 
.999670 
.999665 


.999650 
.999645 


9.999635 


.999619 
.999614 


.999597 


.999586 

9.999581 
.999575 
.999570 
.999564 
.999558 
.999553 
.999547 
.999541 
.999535 


9.999524 
,999518 
.999512 


.999500 
.999493 
.999487 
.999481 
.999475 


9.999463 
.999456 
.999450 
.999443 
.999487 
.999431 


.999418 

.999411 

9.999404 

Sine. 


D.r. 


.07 
.08 
.07 
.08 
.07 
.08 
.07 
.06 
.06 
.06 
.07 

.08 
.08 
.06 
.08 
.06 
.08 
.08 
.06 
.08 
.08 

.10 

.06 
.06 
.06 
.10 
.08 
.10 
.08 
.10 
.06 

.10 
.08 
.10 
.10 
.06 
.10 
.10 
.10 
.10 
.08 

.10 
.10 
.10 
.10 
.12 
.10 
.10 
.10 
.10 
.10 

.13 
.10 
.12 
.10 
.10 
.12 
.10 
.12 
.12 

D.r. 


Tang, 


8.543084 
.546691 


.553817 
.557336 
.560828 


.567727 

.671137 
.674520 

.677877 

8.681208 
.584514 
.587795 
.591051 


.597492 
.6006W 


.6100^ 
8.613189 


.619313 
.622343 


.631303 


.637184 
.640093 

8.642982 
.645853 
.648704 
.651537 


.667149 


.665433 


8.670870 
.673563 


.678900 
.681544 
.684172 
.686784 


.691963 


8.697081 
.699617 
.702139 
.704646 
.707140 
.709618 
.712083 
.714534 
.716972 

8.719386 

Cotang. 


D.r. 


w 


60.12 
69.62 
59.15 
58.65 
68.20 
57.72 
57.27 
56.83 
56.38 
66.95 
65.52 

56.10 
64.68 
64.27 
63.87 
63.48 
53.08 
52.70 
52.32 
51.98 
61.68 

61.22 
60.85 
50.50 
60.15 
49.80 
49.47 
49.13 
48.80 
48.48 
48.15 

47.85 
47.52 
47.22 
46.92 
46.62 
46.32 
46.02 
45.73 
45.45 
45.17 

44.88 
44.60 
44.35 
44.07 
43.80 
43.53 
43.28 
43.03 
42.77 
42.53 

42.27 
42.03 
41.78 
41.57 
41.30 
41.06 
40.85 
40.63 
40.40 


D.r. 
721 


Cotang, 


11.456916 
.453309 
.449732 
.446183 
.442664 
.439172 
.435709 


.425480 
.422123 

11.418792 
.415486 
.412205 
.408949 
.405717 
.402508 
.899328 
.896161 
.893022 
.889906 

11.386811 
.383738 
.380687 
.877667 
.374648 
.371660 
.368692 
.365744 
.362816 
.859907 

11.357018 
.354147 
.351296 
.848463 
.345648 
.342851 
.340072 
.337311 
.334,567 
.331840 

11.329130 
.326437 
.323761 
.321100 
.318456 
.815828 
.313216 
.310819 
.308037 
.805471 

11.302919 

.300383 
.297861 
.295354 


.287917 


11.280604 
Tang. 


87" 


TABLE  XVIII.— LOGARITHMIC  SINES. 


i7e* 


Sine. 


D.r. 


Ck>sine. 


D.  r. 


Tansr. 


D.r. 


Cotang. 


0 
1 
2 
3 
4 
6 
6 
7 
8 
•9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 


8.718800 
.721304 


.725972 
.728337 
.730688 
.733027 
.735354 
.737667 
.739969 


8.744536 
.746802 
.749055 
.751297 
.753528 
.755747 
.757955 
.760151 
.762337 
.764511 

8.766675 


.770970 
.773101 
.775223 
.777333 
.779434 
.781521 
.783605 
.785675 

8.787736 
.789787 
.791828 
.79:3859 
.795881 
.797894 
.799897 
)1892 


.805852 

8.807819 
.809777 
.811728 
.813667 
.815599 
.817522 
.819436 
.821343 
.823240 
.825130 

8.827011 
.828884 
.830749 
.832607 
.834456 


.838130 


.841774 
8.843586 


CosiiiA 


93« 


40.07 
89.86 


89.18 
88.98 
38.78 
88.55 
88.37 
38.17 
87.95 

37.77 
37.55 
37.37 
87.18 
36.98 
36.80 
36.60 
36.43 
36.23 
36.07 

35.88 
85.70 
85.52 
85.37 
35.17 
35.02 
34.83 
84.68 
84.50 
34.35 

34.18 
34.02 
83.85 
33.70 
33.55 
38.38 
33.25 
33.07 
32.93 
32.78 

32.63 
32.48 
32.35 
82.20 
32.05 
31.90 
31.78 
31  62 
31.50 
81.35 

81.22 
31.08 
80.97 
30.82 
30.68 
30.55 
30.48 
80.30 
80.18 

722 


9.999404 


.999384 
.999378 
.999371 
.999364 
.999357 


9.999329 


.999315 


999279 


9.999257 
.999250 


.999205 
999197 
.999189 

9  999181 
.999174 


.999158 
.999150 


.999134 
.999126 
.999118 
.999110 

9.999102 


.999077 


.999061 
.999053 


1.999019 
.999010 


.998976 
.998967 

.998950 
9.998941 

Sine. 


.10 
.12 
.12 
.10 
.12 
.12 
.12 
.12 
.12 
.12 
.12 

.12 
.12 
.12 
.12 
.12 
.12 
.18 
.12 
.12 
.18 

.12 
.18 
.12 
.18 
.12 
.13 
.12 
.18 
.13 
.13 

.12 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 
.13 

.13 
.13 
.15 
.13 

.15 
.13 
.15 
.18 

.15 
.13 
.15 
.15 
.13 
.15 
.15 
.13 
.15 

D.  1'. 


8.719806 
.721806 
.724204 
.726688 
.728959 
.731317 


.735996 
.738317 
.740626 


8.745207 
.747479 
.749740 
.751989 
.754227 
.756453 


.760872 
.763065 
.766246 

8.767417 
.769578 

771727 
.773866 
.776995 

778114 


.784408 
.786486 

8.788554 
790613 


.794701 

.796rai 

.798752 
.800763 
.802765 
,804758 
.806742 

8.808717 


812641 
.814689 


.818461 
.820884 


.826108 

8.827992 
.829874 
.831748 
.833613 
.835471 
.887821 


.840998 

.842826 

8.844644 

Cotang. 


40.17 
89.97 
39.78 
89.62 
89.30 
89.10 
88.88 
88.68 
38.48 
88.27 
88.06 

87.87 
87.68 
87.48 
87.30 
87.10 
36.92 
36.78 
86.66 
86.86 
86.18 

36.02 
86.82 
85.66 
86.48 
36.82 
86.13 
34.97 
34.80 
34.63 
84.47 

84.32 
34.16 
83.98 
83.88 
88.68 
88.62 
88.37 
83.22 
88.07 
82.92 

82.7r 
82.63 
82.47 


82.05 
31.90 
31.78 
31.63 
81.48 

81.87 
81.23 
81.06 
80.97 
80.83 
80.70 
80.68 
80.45 
80.82 

D.r. 


11.280604 
.278194 
.275796 
.278412 
.271041 


.264004 
.261683 
.259874 
.267078 

11.254793 


.248011 
.246773 
.248547 


.284754 
11.232583 


.226134 
.224005 
.221886 
.219778 
.217680 
.215592 
.218514 

11.211446 
.209887 
.207338 


.201248 
.199237 
.197236 
.195242 
.198258 

11.191288 
.189317 
.187859 
.185411 
.188471 
.181689 
.179616 
.177702 
.17W96 
.178897 

11.178008 
.170126 


.164629 
.162679 
.160837 
.169002 
.167175 
11.166866 

TanfiT. 


S6^ 


4? 


COSINES,  TANGENTS,  AND  COTANGENTS.       17!S 


Sine.       D.  1'.       Cosiiie.     D.  1 


0 

8.848585 

1 

.845387 

2 

.847183 

8 

.848971 

4 

.850751 

5 

.852525 

6 

.864291 

7 

.856049 

8 

.857801 

9 

.859546 

10 

.861283 

11 

8.863014 

12 

.864738 

13 

.866455 

14 

.868166 

15 

.869868 

16 

.871566 

17 

.873255 

18 

.874938 

19 

.876615 

20 

.878285 

21 

8.879949 

22 

.881607 

23 

.883258 

24 

.884903 

25 

.886642 

26 

.888174 

27 

.889801 

28 

.891421 

29 

.898036 

30 

.894643 

31 

8.896246 

32 

.897842 

33 

.899432 

34 

.901017 

35 

.902696 

36 

.904169 

37 

.905736 

88 

.907297 

39 

.908853 

40 

.910404 

41 

8.911949 

42 

.913488 

43 

.915022 

44 

.916550 

45 

.918078 

46 

.919591 

47 

.921103 

48 

.922610 

49 

.924112 

60 

.926609 

51 

8.927100 

52 

.928587 

53 

.930068 

54 

.931544 

55 

.983015 

56 

.934481 

57 

.935942 

58 

.937398 

59 

.938850 

60 

8.940296 

Cosine. 


30.06 
29.98 
29.80 
29.67 
29.57 
29.48 
29.30 
29.20 
29.08 
28.95 
28.85 

28.73 

28.62 
28.50 


28.17 
28.05 
27.95 
27.83 
27.78 

27.68 
27.52 
27.42 
27.32 

27.20 
27.12 
27.00 
26.90 
26.80 
26.72 

26.60 
26.60 
26.42 


26.12 
26.02 
25.93 
25.85 
25.75 

25.65 
25.67 
26.47 
26.38 
25.30 
25.20 
25.12 
25.03 
24.95 
24.85 

24.78 
24.68 
24.60 
24.52 
24.43 
24.35 
24.27 
24.20 
24.10 


D.r. 


9.998941 


996914 


998887 
998878 


998851 
998841 


998813 
998804 
998796 
998786 
998776 
998766 
998757 

998747 
998788 
998728 
996718 
998708 


998679 


998649 


998619 


998589 
998678 
998568 
998568 

998648 
998637 
998627 
998616 


998495 
998486 
998474 
998464 
998453 


998431 
998421 
996410 


998377 


998855 
996^4 


Sine. 


.15 
.15 
.15 
.15 
.15 
.15 
.15 
.16 
.15 
.15 
.17 

.15 
.15 
.17 
.15 
.15 
.17 
.16 
.17 
.15 
.17 

.15 
.17 
.17 
.17 
.16 
.17 
.17 
.17 
.17 
.17 

.17 
.17 
.17 
.17 
.17 
.17 
.18 
.17 
.17 
.17 

.18 
.17 
.18 
.17 
.18 
.17 
.18 
.17 
.18 
.18 

.18 
.17 
.18 
.18 
.18 
.18 
.18 
.18 
.18 


D.  r. 


Tangr.       D.  1*.     Cotang. 


8.844644 
.846466 


.850057 
.851846 


.855403 
.857171 


8.864173 
.865906 


..871064 
.872770 
.874469 
.876162 
.877849 


8.881202 


.884630 
.886186 
.887833 
.889476 
.891112 
.892742 


.896984 
8.897696 


.900803 


.903987 
.906570 
.907147 
.908719 
.910285 
.911846 

8.913401 
.914951 
.916495 
.91808i 
.919568 
.921096 
.922619 
.924186 
.926649 
.927166 

8.928668 
.930165 
.931647 


.934616 


.937565 


.940494 
8.941952 


30.18 
30.08 
29.95 
29.82 
29.70 
29.68 
29.47 
29.86 
29.28 
29.12 
29.00 

28.88 
28.77 
28.65 
28.55 
28.48 


28.12 

28.00 
27.88 

27.78 
27.68 
27.58 
27.47 
27.88 
27.27 
27.17 
27.07 
26.97 
26.87 

26.78 
26.67 
26.58 
26.48 
26.88 
26.28 
26.20 
26.10 
26.02 
25.92 

25.83 
26.73 
26.63 
25.57 
26.47 
26.38 
25.28 
.?o.22 
26.12 
25.03 

24.95 
24.87 
24.78 
24.70 
24.62 
24.53 
24.45 
24.37 
24.30 


Cotang.  I  D.  1'. 


11.166366 
.153545 
.161740 
.149943 
.148164 
.146372 
.144597 
.142829 
.141068 
.189314 
.137567 

11.185827 
.134094 
.132868 
.130649 
.128936 
.127230 
.125531 
.123888 
.122151 
.120471 

11.118798 
.117131 
.115470 
.113816 
.112167 
.110524 


.107258 
.105634  31 
.104016  j  30 

11.102404  I  29 
.100797 
.099197 
.097602 
.096013 
.094430 
.092853 
.091281 
.089715 
.088154  I  20 

11.086599  '  19 
.085049  18 
.083505  17 
.081966 


.078904 
.07r381 
.075864 
.074351 
.072844 

11.071342 


.065384 
.063907 
.062435 
.060968 
.059506 
11.058048 


Tang.     I    ' 


723 
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174* 


34 


8.940296 
.941788 
.943174 
.944606 
.946034 
.947466 
.948874 
.950387 
.951696 
.953100 
.954499 

8.955894 
.967284 
.958670 
.960052 
.961429 
.962801 
.964170 
.965534 


8.969600 
.970947 
.972289 


.974962 
.9r6293 
.977619 
.978941 


.981578 

8.982883 
.984189 
.986491 
.986789 


.969374 
.990660 
.991943 


.994497 

8.996768 
.997036 


8.999560 
9.000616 


.008318 
.004563 
.005805 
.007044 

9.008278 
.009510 
.010737 
.011962 
.013182 
.014400 
.015613 
.016824 
.018031 

9.019235 


'       C!osine. 


ee* 


24.08 
23.98 
28.87 
23.60 
23.70 
23.63 
23.55 
23.48 
23.40 


23.17 
23.10 
23.08 
22.95 
22.87 
22.82 
22.78 
22.66 
22.60 
22.62 

22.46 
22.87 
22.82 
22.23 
22.18 
22.10 
22.08 
21.97 
21.90 
21.88 

21.77 
21.72 
21.68 
21.67 
21.52 
21.48 
21.38 
21.32 
21.25 
21.18 

21.13 
21.05 
21.02 
20.98 
20.88 
20.82 
20.76 
20.70 
20.65 
20.67 

20.58 
20.46 
20.42 
20.83 
20.30 
20.22 
20.18 
20.12 
20.07 

D.  1-. 

724 


Cosine. 

D.  r. 

9.998844 

.18 
.18 
.18 
.18 
.18 
.20 
'  .18 
.18 
.20 
.18 
.20 

.998333 

.998322 

.998311 

.998300 

.998289 

.998277 

.998266 

.998265 

.998243 

.998232 

9.996220 

.18 
.20 
.18 
.20 
.18 
.20 
.20 
.18 
.20 
.20 

.998209 

.998197 

.998186 

.996174 

.998168 

.998151 

.996139 

.996128 

.998116 

9.996104 

.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 
.20 

.996092 

.998060 

.998068 

.998056 

.998044 

.998082 

.996020 

.998006 

.997996 

9.997984 

.20 
.22 
.20 
.20 
.22 
.20 
.22 
.20 
.22 
.20 

.997972 

.997969 

.997947 

.997935 

.997922 

.997910 

.997897 

.997885 

.997872 

0.997860 

.22 
.20 
.22 

an 

.20 
.22 
.22 
.82 
.22 
.22 

.997847 

.997835 

.997822 

.997809 

.997/97 

.997784 

.997/71 

.997758 

.997745 

0.997732 

.22 
.22 
.22 
.22 
.22 
.22 
.22 
.22 
.23 

.997719 

.997706 

.997693 

.997680 

.997667 

,997654 

.997641 

.997628 

9.997614 

i  Sine. 

D.  r. 

8.941962 
.943404 
.944862 
.916295 
.947734 
.949168 
.950597 


.953441 
.954856 
.956267 

8.967674 
.959076 
.960473 
.961866 


.966019 
.967394 
.968766 
.970138 

8.971496 
.972856 
.974209 
.976560 
.976906 
.978248 
.979686 
.980921 
.982261 
.983677 

8.984899 
.986217 
.987632 
.988842 
.990149 
.991461 
.992750 
.994046 
.995837 


8.997906 
8.999188 
9.000466 
.001738 
.003007 
.004272 
.005634 
.006792 
.008047 
.009298 

0.010546 
.011790 
.013031 


.016602 
.016732 
.017960 
.019183 
.020408 
9.021620 

Cotang. 


24.18 
24.05 
28  98 
28.90 
28.82 
28.78 
28.67 
28.58 
28.62 
28.45 

23.35 
23.30 
23.22 
23.15 
23.07 
23.00 
22.92 
22.87 
22.78 
22.72 

22.66 
22.57 
22.52 
22.48 
22.87 
22.80 
22.26 
22.17 
22.10 
22.06 

21.97 
21.92 
21.88 
21.78 
21.70 
21.65 
21.68 
21.68 
21.46 
21.40 

21.83 
21.28 
21.22 
21.15 
21.08 
21.08 
20.97 
20.92 
20.85 
20.80 

20.78 
20.68 
20.62 
20.67 
20.50 
20.46 
20.40 
20.88 
20.28 


D.  r. 


11.058(M8 
.056596 
.056148 
.063705 
.052266 
.050832 
.049403 
.047979 
.046669 
.045144 
.018733 

11.042326 
.040925 
.089627 
.038134 
.036745 
.035361 
.033981 
.032606 
.031231 
.029867 

11.028604 
.027145 
.025791 
.024440 
.023094 
.021752 
.020414 
.019079 
.017749 
.016423 

11.015101 
.018783 
.012468 
.011168 
.009861 
.006540 
.007250 
.005955 
.004663 
.008876 

11.002092 
11.000812 
10.999535 


.996726 
.994466 
.993208 
.991958 
.990702 

10.989454 
.968210 
.986960 


.962041 

.980617 

.979597 

10.978880 

Tang. 


M* 


COSINES,  TANGENTS,  AND  COTANGENTS.        173« 


Sine. 


0.019035 


.034016 


.087567 
.028744 
.039918 
.031069 

9.032257 


.036741 


.030197 
.040342 
.041485 


9.043768 
.044895 
.046026 
.047154 
.048279 
.049400 
.050519 
.051635 
.052749 


9.064966 
.066071 
.057172 
.058271 
.059367 
.060460 
.061551 


.063724 
.064806 


.068036 
.069107 
.070176 
.071242 
.072306 


.074424 
.075480 

9.076633 
.077583 
.078631 
.079676 
.080719 
.081759 


.064864 
9.085894 


Cosiue. 


D.r. 


90.00 
19.95 
19.88 
19.85 
19.78 
19.72 
19.68 
19.62 
19.67 
19  52 
19.47 

19.40 
19.35 
19.32 
19.25 
19.20 
19.15 
19.06 
19.05 
19.00 
18.96 

18.88 
18.85 
18.80 
18.76 
18.68 
18.65 
18.60 
18.67 
18.60 
18.45 

18.42 
18.86 
18.32 
18.27 
18.22 
18.18 
18.13 
18.08 
18.03 
17.98 

17.96 
17.90 
17.85 
17.82 
17.77 
17.78 
17.67 
17.63 
17.60 
17.65 

17.60 
17.47 
17.42 
17.88 
17.83 
17.30 
17.26 
17.20 
17.17 


Cosine. 


9.997614 
.997601 
.997588 
.997574 
.997561 
.997547 
.997584 
.997520 
.997607 
.997493 
.997480 

9.997466 
.997452 
.997439 
.997425 
.997411 
.997897 
.997888 
.997869 
.997866 
.997341 

9.997827 
.997813 
.997299 
.997285 
.997271 
.997257 
.997242 


.997214 
.997199 

9.997185 
.997170 
.997156 
.997141 
.997127 
.997112 
.997098 
.997083 


.997063 

9.997039 
.997024 
.997009 


9.996889 
.996874 


.996843 


.996812 
.996797 
.996782 
.996766 
9.996751 


I).  1%    I     Sine. 


D.r. 


.22 


.23 
.22 
.23 
.23 
.23 
.23 
.28 
.23 
.28 
.23 

.23 
.23 
.23 
.23 
.28 
.25 


.25 
.28 
.26 
.28 
.25 
.28 
.25 
.25 
.25 
.23 

.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 
.25 

.25 
.27 
.25 
.27 
.27 
.25 
.25 
.27 
.25 


D.  r. 


Tang. 


9.021620 


.024044 
.025261 
.026466 
.027665 


.080046 
.031237 


9.034791 
.085969 
.067144 


.040661 
.041818 
.042978 
.044180 
.045284 

9.046484 
.047582 
.048727 
.049669 
.051008 
.062144 
.058277 
.054407 
.056535 
.066659 

9.057781 
.066900 
.060016 
.061180 


.068848 
.064453 
.066656 
.066656 
.067752 

9.068846 


.071027 
.072118 
.078197 
.074278 
.075366 
.076482 
.077506 
.078676 

9.079644 
.080710 
.081773 


.083891 
.084947 
.086000 
.087050 
.068098 
9.069144 


D.r. 


20.28 
20.17 
20.12 
20.07 
20.00 
9.95 
9.90 
9.86 
9.80 
[9.73 
9.70 

9.63 
9.58 
9.53 
9.48 
[9.48 
9.87 
[9.33 
[9.28 
[9.28 
9.17 

[9.18 
[9.06 
[9.03 
[8.96 
[8.98 
[8.88 
[8  88 
8.80 
[8.78 
8.70 

[8.66 
[8.60 
[8.57 
[8.60 
18.47 
[8.42 
[8.88 
8.32 
.8.28 
.8.25 

18.20 
[8.15 
[8.10 
8.07 
[8.02 

97 
7.93 

88 
7.85 
7.80 

7.77 
7.72 
7.67 
7.63 
7.60 
55 
7.50 
7.47 
7.43 


Cotang. 


10.978880 
.977106 
.976956 
.974749 
.973545 
.972845 
.971148 
.969954 
.968763 
.967575 
.966391 

10.966209 
.964081 
.962866 
.961684 
.960515 
.959849 
.958187 
.967027 
.956870 
.964716 

10.958666 
.952418 
.961278 
.960181 
.948992 
,947666 
.946723 
.946693 
.944466 
.948841 

10.94ls:i«19 
.941100 
.939964 
.988670 
.987760 
.986652 
.985647 
.984444 


10.981154 
.930062 
.928978 
.927887 
.926803 
.925722 
.924644 


.921424 

10.920866 
.919290 
.918227 
.917167 
.916109 
.916063 
.914000 
.912950 
.911902 

10.910666 


960 


Ck)tang.  I  D.  1'.       Tang. 
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I72* 


60 


Sine. 


9.066894 


.087947 
.068970 
.069990 
.091008 


.098087 
.094047 
.096056 


9.097065 
.098066 
.099065 
.100062 
.101050 
.100048 
.108037 
.104025 
.105010 
.105992 

9.106978 
.107951 
.108927 
.109901 
-.110878 
.111842 
.112809 
.118774 
.114787 
.115698 

9.116656 
.117613 
.118567 
.119619 
.120469 
.121417 


.128806 


.125187 

9.126125 

.127060 
.12r998 


.130781 
.181706 


.188551 
.134470 

9.185387 
.136808 
.137216 
.138128 
.139087 
.139944 
.140850 
.141754 
.142655 

9.143565 


Cosine. 


D.  1'. 


17.13 
17.08 
17.06 
17.00 
16.97 
16.98 
16.88 
16.88 
16.82 
16.77 
16.72 

16.68 
16.65 
16.62 
16.57 
16.53 
16.48 
16.47 
16.42 
16.37 
16.36 

16.80 
16.27 
16.23 
16.20 
16.15 
16.12 
16.08 
16.05 
16.02 
15.97 

15.95 
15.90 
15.87 
15.83 
15.80 
15.75 
15.78 
15.70 
15.66 
15.68 

15.58 
15.55 
15.58 
15.48 
15.45 
15.42 
15.40 
15.35 
15.32 
16.28 

16.27 
15.22 
15.20 
15.15 
16.12 
15.10 
16.07 
16.02 
16.00 


»7' 


D.  1'. 

726 


Ck)sine. 


9.996751 
.996735 
.996720 
.996704 
.996688 
.996673 


.996641 
.996625 
.996610 
.996594 

9.996678 
.996562 
.996546 
.996530 
.996514 


.996482 
.996465 


9.996417 
.996400 


.996351 
.996835 
.996818 


9.996252 


.996185 


.996151 
.996134 
.996117 
.996100 

9.996083 


.996015 


.996980 
.995963 
.995946 


d.995911 
.995894 
.996876 


.995841 


.995806 

.996788 

.995771 

9.995753 


Sine. 


D.  r. 


.27 
.25 
.27 
.27 
.25 
.27 
.27 
.27 
.25 
.27 
.27 

.27 
.27 
.27 
.27 
.27 
.27 
.28 
.27 
.27 
.27 

.28 
.27 
.27 
.28 
.27 
.28 
.27 
.28 
.27 
.28 

.28 
.27 


.28 


.80 


.28 
.80 
.80 
.28 
.80 
.28 
.80 


Tang. 


1.069144 
.090187 
.091228 
.092266 


.094336 
.095367 


.097422 
.098446 


9.100487 
.101504 
.102519 
.103532 
.104542 
.105550 
.106556 
.107559 
.106560 
.109559 

9.110556 
.111551 
.112543 
.113583 
.114521 
.115507 
.116491 
.117472 
.118452 
.119429 

9.120404 
.121377 


.128317 


.126211 
.127172 
.128130 


9.130041 
.130994 
.131944 


.184784 
.135726 
.136667 
.187605 
.138542 

9.189476 
.140409 
.141840 


.148196 
.144121 
.145044 
.146966 
.146886 
9.147808 


D.  1".  I    Cotang. 


D.  1'. 


7.38 
7.36 
17.30 
17.27 
7.28 
17.18 
,7.18 
17.12 
17.07 
17.08 
16.96 

16.96 
6.92 
16.88 
16.88 
16.80 
16.77 
6.72 
6.68 
6.65 
6.62 

6.68 

6.58 

6.50 

6.47 

6.48 

6.40 

.86 

.88 

.28 

.25 

6.22 
6.18 
6.16 
6.12 
6.08 
6.08 
6.02 
5.97 
5:96 
5.90 

15.88 
15.83 
5.82 
.5.77 
15.76 
5.70 
5.68 
6.68 
L6.62 
5.67 

5.56 
5.62 
6.48 
6.45 
6.42 
6.88 
5.87 
6.82 
16.80 


D.r. 


Cotang. 


10.910656 
.909813 
.908772 
.907734 
.906698 
.905664 
.904633 
.908605 
.902578 
.901554 
.900532 

10.899513 
.898496 
.897481 
.896468 
.895458 
.894450 
.893444 
.892441 
.891440 
.890441 

10.889444 
.888449 
.887457 
.886467 
.886479 
.684493 


.881648 
.880K1 

10   ■  »6 


,SJ751 

.N':S28 
-  -570 
.   H3 

10.869959 
.869006 
.868056 
.867107 
.866161 
.865216 
.864274 


.861458 

10.860524 
.859691 
.858660 
.857781 
.856804 
.855879 
.854956 
.854034 
.853115 

10.852197 


Tang. 


88< 


COSINE&,  TANGENTS,  AND  COTANGENTS.        171* 


Sine. 


D.r, 


Cosine. 


D.l» 


Tang. 


D.r. 


Ck>tang. 


10 

11 
12 
18 
14 
15 
16 
17 
18 
19 
80 

21 


24 
25 
26 
27 

28 
29 

ao 

81 
82 
88 
84 
86 
86 
87 
88 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

61 
62 
53 
54 
55 
66 
57 
58 
69 
60 


9.143656 
.144453 
.145849 
.146243 
.14n36 
.148026 
.148915 
.149802 
.160686 
.151569 
.152451 

9.158880 
.154208 
.166063 
.155957 
.156830 
.157700 
.158569 
.159435 
.160801 
.161164 

9.162025 


.168743 
.164600 
.166454 
.166807 
.167159 
.168008 
.168856 
.169702 

9.170547 
.171889 
.172230 
.173070 
.173908 
.174744 
.175578 
.176411 
.177242 

.rmm 

9.178900 
.179726 
.180551 
.181374 
.182196 
.183016 


.184651 
.186466 


9.187092 
.187903 
.188712 
.189519 
.190325 
.191180 
.191988 
.192784 
.193584 

9.194332 

CoBine, 


14.97 
14.93 
14.90 
14.88 
14.88 
14.82 
14.78 
14.78 
14.72 
14.70 
14.66 

14.63 
14.58 
14.57 
14.55 
14.50 
14.48 
14.48 
14.43 
14.38 
14.35 

14.88 
14.30 
14.28 
14.28 
14.22 
14.20 
14.15 
14.13 
14.10 
14.08 

14.03 
14.02 
14.00 
18.97 
13.93 
13.90 
13.88 
13.85 
13.83 
18.80 

18.77 
18.75 
18.72 
18.70 
18.67 
18.63 
13.62 
13.58 
13.57 
18.53 

18.62 
13.48 
13.45 
13.48 
13.42 
13.38 
13.35 
13.88 
18.30 

D.r. 


,iii*r:785 

.iKi,7n7 
.wr^m 

.i':'.-.^J28 
..;.^10 

.995591 
.995573 

9.996556 
.995537 
.996519 
.995601 


.995464 
.995446 
.996427 
.995409 
.995390 

9.996372 


.995334 
.996816 
.995297 
.996278 


.996241 


9.996184 
.995165 
.995146 
.995127 
.995106 
.995069 
.995070 
.995051 


.996018 

9.994993 
.994974 
.994955 
.994935 
994916 


.994877 
.994857 


.994818 

9.994798 
.994779 
.994759 
.994789 
.994720 
.994700 
.994680 
.994660 
.994640 

9.994620 

Sine. 


83 
33 
S3 

D.  1'. 


9.147808 
.148718 


.160644 
.151454 


.154174 
.15607? 
.155978 
.156877 

9.1.'>r775 
.  ]  .>*]71 
.].-i^M65 
.1W157 
.Jrii:-I47 

jr^^.i23 
.ir^KJOe 

.jii^;74 

9.166654 
.167532 
.168409 
.169284 
.170157 
.171029 
.171899 
.172767 
.173634 
.174499 

9.175362 
.176224 
.177084 
.177942 
.178799 
.179655 
.180506 
.181360 
.182211 
.183059 

9.]s^Hii07 
.1m;52 
.lHr.r,97 
J.si;i89 
.1^7::80 
.1H>^|20 
.]HM^58 

•  l.S'J'^ 

.]1^K^89 

9.192294 
.193124 
.193968 
.194780- 
.196606 
.196430 
.197253 
.198074 
.198894 

9.199713 


Cotang.  D.  1' 


.16.25 
15.28 
15.20 
15.17 
15.15 
15.10 
15.08 
15.06 
15.02 
14.98 
14.97 

14.93 
14.90 
14.87 
14.83 
14.82 
14.78 
14.75 
14.78 
14.70 
14.67 

14.63 
14.62 
14.68 
14.66 
14.63 
14.60 
14.47 
14.45 
14.42 
14.38 

14.87 
14.33 
14.30 
14.28 
14  27 
14.22 
14.20 
14.18 
14.18 
14.18 

14.08 
14.08 
14.03 
14.02 
14.00 
18.97 
13.93 
18.92 
13.88 
18.87 

18.83 
13.82 
13.78 
;8.77 
18.78 
18.72 
18.68 
18.67 
18.65 


10.862197 
.851282 
.860868 
.849466 
.848646 
.847637 
.846731 
.845826 
.844923 
.844022 
.848123 

10.842225 
.841829 
.840435 
.839543 
.838653 
.887764 
.886877 
.836992 
.836106 
.834226 

10.888846 
.832468 
.881591 
.830716 
.829843 
.828971 
828101 


.825601 

10.824638 
.823776 


.821201  26 
.820345  24 


.818640 
.817789 
.816941 

10.816098 
.815248 
.814403 
.818561 
.812720 
.811880 
.811042 
.810206 
.809871 


10.807706 
.806876 
.806047 
.806220 
.804394 
.803570 
.802747 
.801926 
.801106 

10.800287 

Taog. 
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TABLE  XVIII.-^LOGARITHMIC  SINES. 


no* 


0 

1 

2 
8 

4 
5 
6 
7 
8 
9 
10 

11 
12 
18 
14 
15 
16 
17 
18 
10 
20 

21 
22 
28 
24 
25 
26 
27 
28 
29 
80 

81 
82 
88 
94 
86 
86 
87 
88 
80 
40 

41 
42 

48 
44 
46 
46 

47 
48 
49 
60 

61 
62 
58 

64 
65 
66 
W 
68 
60 
60 


Bin©.      D.  r.      Corinfi.     D.r.        Twag.      V.V.     Cotang. 


9.194832 
.195129 
.195925 
.196719 
.197511 


.199091 
.199879 
.200666 
.201451 


9.208017 
.208797 
.204577 
.205354 
.206131 
.206006 
.207679 
.208452 


0.210760 


.212291 
.218055 
.218818 
.214579 


.216097 
.216854 
.217609 

9.218868 
.219116 


.221867 
.222115 


.224849 


.226578 
•  .227811 


.228784 
.229518 


.231715 
.282444 

0.233172 


.235849 
.286078 
.286795 
.287515 


.238953 
9.289670 


18.28 
18.27 
18.28 
18.20 
18.18 
18.15 
18.18 
18.12 
18.06 
18.05 
18.05 

18.00 
18.00 
12.95 
12.95 
12.92 
12.88 
12.88 
12.88 
12.88 
12.80 

12.77 
12.75 
12.78 
12.72 
12.68 
12.65 
12.65 
12.62 
12.56 
12.57 

12.65 
12.58 
12.50 
12.4B 
12.47 
12.48 
12.42 
12.86 
12.86 
12.85 

12.88 
12.80 
12.26 
12.27 
12.28 
12.28 
12.20 
12.18 
12.15 
12.18 

12.12 
12.10 
12.07 
12.07 
12.08 
12.00 
12.00 
11.97 
U.95 


^     Conna.  D.  1 
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9.994620 
.904600 
.094580 
.904560 
.994540 
.994519 
.994499 
.994479 
.994459 
.994438 
.994418 

9.904898 
.994877 
.994857 
.994836 
.994816 
.994295 
.994274 
.994254 


.994212 

9.994191 
.994171 
.994150 
.994129 
.904108 
.004067 
.004066 
.004046 
.094024 
.904003 

0.008082 
.003960 


.998875 
.998654 


.998811 
.998789 

9.993768 
.998746 
.998725 
.998708 


.003660 


.008616 
.008594 
.098572 

9.996660 


.993606 
.993484 


.993440 
.993418 


.993374 
9.993851 

Sine. 


.88 
.88 


.85 


.88 
.85 
.83 
.88 

.85 
.83 
.85 
.83 
.85 
.85 


.85 

.83 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 
.85 

.87 
.85 
.85 
.85 
.87 
.85 
.87 
.85 
.87 
.85 

.87 
.85 
.87 
.87 
.85 
.87 
.87 
.87 
.87 
.87 

.87 
.87 
.87 
.87 
.87 
.87 
.87 
.87 
.88 

dTiT" 


9.190718 


.201845 
.202159 
.202971 


.204592 

.206400 
.206207 
.207018 
.207817 

0.206619 


.211016 
.211815 
.212611 
.218405 
.214198 
.214069 
.215780 

9.216568 
.217856 
.218142 
.218926 
.210710 


.221272 


.223607 

0.224882 
.225156 


.226700 
.227471 


.229007 
.229778 
.280589 


9.232065 


.234345 
.285108 
.285859 


9.289622 
.240871 
.241118 
.241865 
.242610 
.243354 
.244097 


.245579 
9.246319 

Cotang. 


18.60 
18.60 
18.57 
18.58 
18.62 
18.50 
18.47 
18.45 
13.48 
18.40 
18.87 

18.85 
18.88 
18.80 
18.28 
18.27 
18.28 
18.22 
18.18 
18.18 
18.18 

18.18 
18.10 
18.07 
18.07 
18.08 
18.00 
18.00 
12.97 
12.95 
12.02 

12.90 
12.88 
12.65 
12.85 
12.60 
12.80 
12.77 
12.77 
12.72 
12.72 

12.68 
12.67 
12.66 
12.68 
12.60 
12.58 
12.57 
12.58 
12.58 
12.60 

12.48 
12.45 

12.45 
12.42 
12.40 
12.38 
12.87 
12.88 
12.88 


10.800287 
.790471 
.798655 
.707841 
.707029 
.706218 
.706406 
.704600 
.798703 
.798087 
.792163 

10.791881 
.790560 
.780780 
.788082 
.788165 
.787880 
.786505 
.785602 
.785011 
.784220 

10.783482 
.782644 
.781856 
.781074 
.780290 
.779608 
.778728 
.777048 
.777170 
.776893 

10.775618 
.774844 
.774071 
.778800 
.772529 
.771761 
.770993 
.770227 
.769461 
.768698 

10.767935 
.767174 
.766414 
.765655 
.764897 
.764141 
.768886 
.762632 
.761880 
.761128 

10.760878 
.750629 
.758882 
.758186 
.757390 
.756646 
.77>5008 
.755161 
.764421 

10.768661 


D.  1'.        Tang. 


too 


10* 


CX)SINES,  TANGENTS.  AND  COTANGENTS.   IW" 


30 

81 
32 
33 
34 
35 
36 
87 
38 
89 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

61 
52 
53 
54 
S5 
56 
67 
68 
60 
[60 


Sine.      D.  r.       Cosine.      P.J'.        Tang.      D.  1'.       Cotang.     ' 


9.239670 


.241101 
.241814 


.348947 
.244666 


.246775 

9.247478 
.248181 


.250980 
.251677 


.263067 
.253781 

9.254453 
.255144 
.255834 


.257211 
.257898 


.259951 


9.261314 
.261994 
.262673 


.264027 
.264703 
.265377 
.-266051 


.267395 

9.268065 
.2687*4 


.270069 
.270735 
.271^)0 
.272064 
.272726 
.273388 
.274049 

9.274708 
.275367 
.276025 
.276681 
.277337 
.277991 
.278645 


.279948 
9.280699 


11.93 
11.92 
11.88 
11.87 
11.85 
11.88 
11.82 
11.78 
11.77 
11.77 
11.78 

11.72 
11.70 
11.67 
11.65 
11.63 
11.62 
11.60 
11.67 
11.97 
11.53 

11.62 
11.50 
11.48 
11.47 
11.45 
11.-^ 
11.42 
11.88 
11.87 
11.36 

11.33 
11.32 
11.30 
11.27 
11.27 
11.23 
11.28 
11.20 
11.20 
11.17 

11.15 
11.18 
11.12 
11.10 
11.06 
11.07 
11.03 
11.08 
11.08 
10  96 

10.96 
10.97 
10.98 
10.98 
10.90 
10.90 
10.87 
10.86 
10.85 


'     Cosine.  I  D.  r. 


9.993361 

87 
87 
88 
87 
87 
88 
87 
88 
88 
87 
88 

.998329 

.993307 

.993284 

.993262 

.993240 

.993217 

.993195 

.993172 

.993149 

.998127 

9.993104 

88 
.87 
.38 
.38 
.38 
.88 
.88 
.88 
.88 
.88 

.993061 

.993059 

.998036 

.993013 

.992990 

.992967 

.992944 

.992921 

.992898 

9.992875 

.88 
88 
.38 
.88 
.40 
.88 
.88 
.88 
.40 
.88 

.992852' 

.992829 

.992806 

.992783 

.992759 

.992736 

.992713 

.992690 

.992666 

9.992643 

.40 
.88 
.40 
.88 
.40 
.40 
88 
.40 
40 
40 

.992619 

.992596 

.992572 

.992549 

.992526 

.992501 

.992478 

.992454 

.992430 

9.992406 

40 
38 
40 
40 
40 
40 
40 
42 
40 
40 

.992382 

.992359 

.992335 

.992811 

.992287 

.992263 

.992289 

.992214 

.992190 

9.992166 

40 
40 
^ 
40 
42 
40 
40 
42 
40 

~ 

.992142 

.992118 

.992098 

.992069 

.992044 

.992020 

.991996 

.991971 

9.991947 

1  Sine.   D. 

9.246319 
.247057 
.247794 
.248530 


.250730 
.251461 
.252191 


.263648 

9.264874 
.255100 


.256647 
.267269 
.267990 
.268710 


.260146 


9.261678 


.263005 
.268717 


.265138 
.265847 
.266555 
.267261 
.267967 

9.268671 
.269875 
.270077 

n27077^ 
.271479 
.272178 
.272876 
.273578 


.274964 

9.275668 
.276351 
.277043 
.277784 


.279113 
.279601 


.281174 
.281858 

9.282642 


.283907 


.285947 


.287301 

.287977 

9.288652 


Ootang.j  D.l 


12.80 
12.28 
12.27 
12.28 
12.28 
12.20 
12.18 
12.17 
12.16 
12.18 
12.10 

12.10 
12.07 
12.06 
12.08 
12.02 
12.00 
11.96 
11.95 
11.96 
11.92 

11.90 
11.88 
11.87 
11.85 
11.88 
11.82 
11.80 
11.77 
11.77 
11.73 

11.73 
11.70 
11.70 
11.67 
11.66 
11.68 
11.62 
11.60 
11.68 
11.57 

11.56 
11.63 
11.62 
11.60 
11.48 
11.47 
11.45 
11.43 
11.40 
11.40 

11.88 
11.87 
11.35 
11.33 
11.82 
11.28 
11.28 
11.27 
11.25 


10.768681 
.752943 
.768206 
.761470 
.760786 
.760002 
.749870 
.748639 
.747809 
.747080 
.746362 

10.745626 
.744900 
.744176 
.748453 
.742731 
.742010 
.741290 
.740571 
.789854 
.789137 

10.788422 
.787708 
.786995 
.786283' 
.785572 
.784862 
.784153 
.788445 
.782789 
.788033 

10.781329 
.730625 
.729923 
.729221 
.728521 
.727822 
.727124 
.726427 
,726731 
.726086 

10.724842 

.723649 
.722957 
.722266 
.721576 
.720887 
.720199 
.719512 
.718826 
.718142 

10.717456 
.716775 
.716093 
,715412 
.714732 
714063 
.718876 
.712699 
.712028 

10.711848 

Tang. 


lOO* 


729 


79* 


TABLE  XVIII.— LOGARITHMIC  SINES. 


i6d* 


Sine.      D.l'.      Cosine.     D.  1'.        Tang.      D.  1'.      CJotanjr.     ' 


9.280699 
.281948 
.281897 


.288190 


.284480 
.286124 
.285766 
.286406 
.287048 


.290870 
.291504 
.292137 


9.294029 


.295918 


.297164 
.297788 
.298412 


9.300276 
.300895 
.301514 
.802132 
.302748 


.304598 
.305207 
.805819 

9.806480 
.807041 
.807650 


.808867 
.309474 
.810060 
.310685 
.311289 
.311893 

9.312495 
.313097 
.313698 
.814297 
.314897 
.815495 


.817284 
9.317879 


10.82 
10.82 
10.78 
10.77 
10.77 
10.78 
10.78 
10.70 
10.70 
10.67 
10.67 

10.63 
10.68 
10.60 
10.60 
10.57 
10.57 
10.55 
10.52 
10.52 
10.50 

10.48 
10.47 
10.45 
10.43 
10.42 
10.40 
10.40 
10.37 
10.35 
10.35 

10.32 
10.32 
10.30 
10.27 
10.27 
10.25 
10.23 
10.23 
10.20 
10.18 

10.18 
10.15 
10.15 
10.13 
10.12 
10.10 
10.06 
10.07 
10.07 
10.08 

10.03 
10.02 
9.98 
10.00 
9.97 
9.95 
9.95 
9.92 
9.92 


101- 


Cosine.  I  D.  1'. 
730 


991947 
991922 
991897 
991873 
991848 
991828 
991799 
991774 
991749 
991724 
991699 

991674 
991649 
991621 
991599 
,991574 
991549 


991498 
991478 
991448 

991422 
991897 
991872 
991846 
991821 
991295 
991270 
991244 
991218 
991198 

991167 
991141 
991115 
991090 
991064 


991012 


990960 
990934 

990908 


990656 


990803 
990777 
990750 
990724 
990697 
990671 

990645 
990618 
990591 
990565 
990538 
990511 
,990485 
990458 
990481 
990404 


,43 


48 


Sine.    1  D.  1". 


9.288652 


.290671 
.291&i2 


.298850 
.294017 


9.296018 
.296677 


.298001 


.800638 
.801295 
.801951 

.;^i:^'.tt4 

.mm7 

.^^i'fi.'>19 

.:iO^S16 
.;i<'si63 

9.809109 
,809754 
.810899 
.811042 
.811685 
.812827 
.812968 
.813606 
.814247 
.814885 

9.815523 
.816159 
.816795 
.817480 
.818064 
.818697 
^19880 
.819961 


9.821851 
.8^2479 
.828106 


.825607 

.826281 

.826858 

9.327475 


11.38 
11.22 
11.20 
11.18 
11.18 
11.15 
11.13 
11.12 
11.12 
11.08 
11.07 

11.07 
11.08 
11.08 
11.02 
11.00 
10.97 
10.97 
10.95 
10.93 
10.98 

10.90 
10.88 
10.88 
10.85 
10.85 
10.83 
10.82 
10.80 
10.78 
10.77 

10.75 
10.75 
10.72 
10.72 
10.70 
10.68 
10.67 
10.65 
10.63 
10.63 

10.60 
10.60 
10.58 
10.57 
10.55 
10.55 
10.52 
10.52 
10.50 
10.48 

10.47 
10.46 
10.45 
10.42 
10.42 
10.40 
10.40 
10.87 
10.87 


Cotang.  I  D.  1*. 


10.711848 
.710674 
.710001 
.709829 
.706658 
.707987 
.707818 
.706660 
.706983 
.706816 
.704651 

10.708987 
.703828 
.702661 
.701999 
.701888 
.700678 
.790020 
.099862 
.696706 
.696049 

10.697898 


.694131 
.693481 


.691587 
10  00*1^91 

.i;^^:,*ii01 
.j;sfi^68 

.t><,^il5 

.f;s:<>78 

.(^7^182 
jHfi;h98 

.i;.s:,r53 
j^scdie 

.fVH;^.s41 
.r^:y05 
^as^r^TO 

jjSiWTO 
jNm08 

10.678149 
.677521 
.676894 
.676267 
.676642 
.675017 
.674396 
.673760 
.673147 

10.672525 


Tang. 


7a* 


12' 


COSINES,  TANGENTS, 'AND  COTANGENTS.        167» 


Sine.;       D.  r.      Cosine.     D.  l".       Tang.       D.  1'.      Cotang. 


9.817879 
.318473 
.319066 
.319658 
.320849 
.320640 
.321430 
.322019 


.823780 
9.324366 


.826117' 
.826700 
.327281 
.327862 
.828442 


9.330176 
.330753 
.831829 
.831903 
.382478 
.333061 


.334195 
.334767 


9.335906 
.836475 
.337043 
.337610 
.338176 


.339807 
.339871 
.840434 
.840996 

9.841558 
.842119 
.342679 


.348797 
.844855 
.844912 
.845469 
.346024 
.346679 

9.347184 
.847687 


.849843 
.349893 
.850448 


.851540 
9.862088 

Coaine. 


9.90 
9.88 
9.87 
9.85 
9.86 
9.88 
9.82 
9.80 
9.78 
9.77 
9.77 

9.78 
9.78 
9.72 
9.72 
9.68 
9.68 
9.67 
9.66 
9.68 
9.62 

9.62 
9.60 
9.57 
9.68 
9.55 
9.56 
9.52 
9.58 
9.50 
9.48 

9.48 
9.47 
9.45 
9.48 
9.48 
9.42 
9.40 
9.88 
9.37 
9.37 

9.86 
9.38 
9.38 
9.80 
9.80 
9.28 
9.28 
9.26 
9.26 
9.26 

9.22 

9.22 
9.20 
9.18 
9.17 
9.17 
9.16 
9.18 
9.13 


9.990401 
.990378 
.990351 


.990297 
.990270 


.990215 
.990188 
.990161 
.990134 

9.990107 
.990079 
.990052 
.990025 
.9o9997 
.989970 
.989942 
.989915 
.989687 


9.989832 
.989604 
.989777 
.969749 

'  .969721 


.989610 


9.969558 
.989525 
.989497 


.989441 
.989418 


.989300 

9.989271 
.983243 

^989214 
.989186 
.989157 


.989100 
.969071 
.989042 
.989014 

9.968986 


.968840 
.988811 
.988782 
.968768 
9.968724 

Sine, 


.46 
.46 
.45 
.45 
.46 
.47 
.45 
.45 
.45 
.45 

.47 
.45 
.46 
.47 
.45 
.47 
.45 
.47 
.45 
.47 

.47 
.45 
.47 
.47 
.47 
.47 
.47 
.46 
.47 
.48 

.47 
.47 
.47 
.47 
.47 
.47 
.48 
.47 
.47 
.48 

.47 
.48 
.47 
.48 
.48 
.47 
.48 
.48 
.47 
.48 

.48 
.48 
.48 
.48 
.48 
.48 


D.r. 


9.327475 
.828095 
.328715 


.330570 
.831187 
.881803 


.383046 

9.884259 
.884871 
.885482 


.837311 
.887919 


.889183 


9.840844 
.340948 
.841552 
.842156 
.842757 


.343958 
.844568 
.845157 
.846765 

9.846868 
.346949 
.847645 
.848141 
.848785 


.849922 
.850514 
.851106 
.351697 


.353465 
.354053 
.854640 
.855227 
.865818 


.857566 

9.858149 
.858781 


.360474 
.361058 
.861632 
.362210 
.362787 
9.8638&4 

Cotang. 


un^ 


10.38 
10.83 
10.82 
10.82 
10.28 
10.28 
10.27 
10.25 
10.25 
10.22 
10.22 

10.20 
10.18 
10.18 
10.15 
10.15 
10.13 
10.13 
10.10 
10.10 
10.06 

10.07 
10.07 
10.05 
10.08 
10.02 
10.00 
10.00 
9.98 
9.97 
9.97 

9.98 
9.93 
9.98 
9.90 
9.90 
9.88 
9.87 
9.87 
9.86 
9.83 

9.82 

9.82 
9.80 
9.78 
9.78 
9.77 
9.76 
9.73 
9.73 
9.72 

9.70 
9.70 
9.67 
9.68 
9.65 
9.66 
9.63 
9.62 
9.62 

D.r. 


731 


10.672525 
.671905 
.671285 
.670666 
.670047 


.668197 


10.665741 
.665129 
.664518 
.663907 
.668298 
.662689 
.662081 
.661478 
.660667 
.660261 

10.659656 


.657846 
.657243 
.656642 
.656042 
.656442 
.654843 
.654245 

10.653647 
.653051 
.652455 
.651859 
.651265 
.650671 
.650078 
.649486 
.648894 
.648303 

10.647718 
.647124 
.646535 
.645947 
.645860 
.644773 
.644187 
.648602 
.643018 
.642434 

10.641851 
.641269 
.640687 
.640107 
.639526 
.638947 
.638868 
.637790 
.637218 

10.686686 

Tang. 


77* 


w 


TABLE  XVIir— LOGARITHMIC  SINES. 


D.f. 


Ckwind. 


D.r. 


Tang. 


D.r. 


Ckytang. 


9.868068 


.868181 
.863726 
.364271 
.864815 
.866858 
.856901 
.856443 
.856984 


9.868064 
.868603 
.859141 
.859678 
.860216 
.860758 
.361287 


9.363422 
.868954 
.864485 
.366016 
.366546 
.366075 
.366604 
.867131 
.367659 
.868185 

9.368711 


.369761 
.370285 
.370606 
.371880 
.871852 
.372878 
.872694 
.378414 

9.873938 
.374452 
.874970 
.875487 


.376519 
.377035 
.877549 
.878063 
.378577 

9-379089 
.879601 
.380113 


.381134 
.381643 
.382152 


9.383675 
Cosine. 


108* 


9.13 
9.10 
9.06 
9.06 
9.07 
9.05 
9.06 
9.08 
9.02 
9.00 
9.00 

8.96 
8.97 
8.96 
8.96 
8.96 
8.92 
8.92 
8.90 
8.88 
8.88 

8.87 
8.86 
8.86 
8.88 
8.82 
8.82 
8.78 
8.80 
8.77 
8.77 

8.76 
8.76 
8.7» 
8.78 
8.70 
8.70 
8.68 
8.08 
8.67 
8.66 

8.66 
8.68 
8.62 
8.60 
8.60 
8.60 
8.57 
8.57 
8.57 
8.58 

8.58 
8.58 
8.52 
8.50 
8.48 
8.48 
8.48 
8.45 
8.46 

D.  1'. 
732 


9.988724 
.968695 
.968666 


.988607 
.988678 


.988619 


.988460 
.968430 

9.988401 
.988871 
.968842 

.988812 


.968193 
.968168 
988183 

9.968108 
.988078 
.968043 
.968013 
.967963 

967958 
.967922 
.987892 

987862 


9.rf^?i?oi 

.Ifi^TTTl 

.!?N7<i79 
.J>HT<49 
.yHH;l8 

.■*Hr:«8 
.urr:«7 

9.967496 
.987465 
.967434 
.967408 
.967872 
.967841 
.967810 
.967279 
.987248 
.967217 

9.967186 
.987165 
.987124 
.987092 
.987061 
.987080 
.986998 
.960967 


9.966904 
Sine. 


.48 
.48 
.60 
.48 
.48 
.60 
.48 
.60 
.48 
.60 
.48 

.60 
.48 
.60 
.60 
.50 
.48 
.60 
.60 
.60 
.60 

.60 
.60 
.60 
.60 
.60 
.62 
.60 
.60 
.60 
.62 

.60 
.62 
.50 
.62 
.60 
M 
.60 
M 
.62 
.60 


.62 
.62 
.62 
.62 
.62 


.63 


.68 
.62 
.62 
.68 


9.868864 
.868940 
.864515 
.866090 
.866664 


.867953 
.868624 
.869094 

9.869668 
.87(B82 
.870799 
.871867 
.871988 
.872499 
.878064 
.878629 
.874198 
.874756 

9.876819 
.876881 
.876442 
.877003 
.877668 
.878122 
.878681 
.879289 
.879797 
.880854 

9.880910 
.881466 


.882576 


.884786 
.886887 


9.886438 
.886967 
.887636 


.889178 


.890270 
.890815 
.891360 

9.891903 
.392447 


.898581 
.894073 
.894614 
.395154 


D.  r. 


9.896771 
Cotang. 


9.60 
9.68 
9.68 
9.67 
9.66 
966 
9.68 
9.62 
9.62 
9.60 
9.48 

9.48 
9.46 
9.47 
9.48 
9.48 
9.4S 
9.42 
9.40 
9.88 
9.86 

9.87 
9.86 
9.86 
9.88 
9.82 
9.82 
9.80 
9.80 
9.28 
9.27 

9.27 
9.28 
9.26 
9.28 
9.22 
9.20 
9.20 
9.18 
9.18 
0.17 

9.16 
9.16 
9.18 
9.12 
9.12 
9.10 
9.10 
9.08 
9.06 
9.05 

9.07 
9.08 
9.08 
9.08 
9.08 
9.00 
9.00 
8.98 
8.97 

D.  r. 


10.6 


.686060 
.686485 
.684910 


.638190 
.682618 
.682047 
.631476 
.680906 

1.680887 
.629768 


10.( 


.628067 
.627501 


.625607 


10.684661 
.624119 
.628568 
.622997 
.622487 
.621676 
.621819 
.680761 
.620808 
.619646 

lO.filfHOO 
,t}is"j84 

AiKiieo 

,017125 

.UH-.H71 

.Gi*;;^ii8 
.i>i:.:66 
,ir]:.;ii4 

,014112 

10.618662 
.618013 
.618464 
.611916 
.611369 
.610622 
.610876 
.609780 
.609185 
.606640 

10.608097 
.607553 
.607011 
.606469 
.605987 
.606886 
.604846 
.604806 
.608767 

10.608889 

Tang. 


79r 


14P        COSINES,  TANGENTS,  AND  COTANGENTS.         166^ 


Sine.       D.r.      Cosine.     D.  1*.       Tang.      D.l*.     €k>taoff.      / 


9.883675 
.884182 
.884687 
.885192 
.886697 
.886201 
.886704 
.887207 
.887709 


.888711 

9.889211 
.889711 
.890210 
.890708 
.891206 
.891703 


.898191 


9.894179 
-.894673 
.896166 
.895658 
.896150 
.896641 
.897132 


.896111 
.898600 

9.399068 
.399575 
.400062 
.400549 
.401085 
.401520 
.402005 


.402972 
.403455 

9.403938 
.404420 
.404901 
.406382 
.405662 
.406841 


.407299 
.407777 
.406254 

0.406731 
.409207 
.409662 
.410157 
.410632 
.411106 
.411579 
.412052 
.412524 

9.412996 


8.45 
6.42 
8.42 
8.42 
6.40 
6.38 
8.38 
6.87 
8.36 
6.35 
8.33 

8.33 
6.32 
8.80 
8.30 
6.26 
6.27 
8.27 
6.27 
8.23 
6.23 

8.23 
S.22 
6.20 
6.20 
8.18 
8.18 
8.15 
8.17 
8.15 
8.18 

8.12 
8.12 
6.12 
8.10 
8.06 
8.06 
6.07 
8.05 
8.05 
6.05 

8.03 
8.02 
8.02 
8.00 
7.96 
7.96 
7.96 
7.97 
7.95 
7.96 

7.93 
7.93 
7.92 
7.92 
7.90 
7.88 
7.88 
7.67 
7.87 


Cosine.  I  D.l',  I  Sine. 


9.966904 
.966673 
.986841 
.986609 
.986778 
.986746 
.986714 
.986663 
.966651 
.966619 
.986687 

9.966655 


.986491 
.966459 
.966427 


.986831 


.986137 
.966104 
.966072 


.986007 
.985974 
985942 

9.985909 
.985876 
.965843 
.985811 
.985778 
.985745 
.985712 
.985679 
.985646 
.985613 

9.985580 
.986647 
.986514 
.966480 
.986447 
.986414 
.985381 
.986347 
.986314 
.986260 

9.985247 
.985213 
.985160 
.985146 
.985113 
.986079 
.965046 
.965011 
.964978 

9.964944 


.52 
.68 
.68 
.62 
.68 
.63 
.62 
.53 
.68 
.68 
.63 

.68 
.58 
.63 
.63 
.68 
.68 
.68 
.68 
.66 
.63 

.63 
.66 
.63 
.65 
.63 
.65 
.63 
.65 
.63 
.66 

.65 
.55 
.63 
.66 
.65 
.55 
.66 
.66 
.55 
.66 

.65 
.65 
.57 
.66 
.66 
.66 
.57 
.56 
.57 
.65 

.67 
.56 
.57 
.65 
.57 
.67 
.57 
.56 
.67 


D.r. 


9.89ffm 
.897309 
.897846 


.898919 
.399455 


.400624 
.401058 
.401591 
.402124 

9.402666 
.408167 
.408718 
.404249 
.404778 
.405808 
.405836 
.406864 


.407419 

9.407945 
.4084n 
.408996 
.400521 
.410045 
.410569 
.411092 

411615 
.412187 

412658 

9.413179 


.414219 
.414738 
.415257 
.415775 
.416293 
.416810 
.417326 
.417642 

9.416358 
.418873 
.419387 
.419901 
.42W15 
.420927 
.421440 
.421952 
.422463 
.422974 

9.423464 


.425011 
.425519 
.426027 
.426534 
.427041 
.427547 


8.97 
8.95 
6.95 
8.93 
8.93 
6.92 
8.90 
*^.90 
8.86 
8.66 
8.87 

8.86 
8.66 
8.85 
8.82 
8.83 
6.60 
6.60 
8.80 
8.78 
8.77 

8.77 
8.75 
8.75 
8.73 
8  V8 
8.72 
8.72 
8.70 
8.68 
8.68 

8.67 
8.67 
8.65 
8.65 
6.63 
8.63 
8.62 
8.60 
6.60 
8.60 

8.56 
8.57 
6.57 
8.57 
8.55 
8.55 
8.53 
6.52 
6.62 
8.50 

8.48 
8.60 
6.47 
8.47 
8.47 
6.45 
8.45 
8.43 
6.42 


10  (m829 

.  tMmi 
.trtnai7 

SaKOBI 
.)JOH546 
.60"  (010 
.699476 
.696942 
.696409  61 
.697876  60 

10.697844 
.696813 
.606262 
.596751 


.694164 
.608636 
.698108 
.592681 

10.692055 
.691529 
.691004 
.590479 
.689955 
.689481 
.588906 
.6883&0 
.667863 
.687342 

10.666821 
.586801 
.585761 
.685262 
.664743 
.564225 
.563707 
.563190 
.682674 
.682158 

10.561642 
.581127 
.680613 
.580099 
.579585 
.579073 
.578560 
.578048 
.577537 
.577026 

10.576516 
.576007 
.575497 
.574989 
.574481 
.573973 
.573466 
.572959 
.672453 

10.5n948 


10i« 


Cotang.  I  D.  1".  I     Tang. 
733 


15» 


TABLE  XVIII.— LOGARITHMIC  SINES. 


104* 


27 


Sine. 


9.412996 
.413467 
.418938 
.414406 
.414878 
.415847 
.415816 


.416751 
.417217 
.417684 

9.418150 
.418615 
.419079 
.419544 
.420007 
.420470 
.420933 
.421395 
.421857 
.422318 

9.422778 


.424156 
.424615 
.425073 
.425530 
425987 
.426443 


9.427354 

.427809 


.428717 
.429170 


.430075 
.430527 
.430978 


9.431879 


.432778 


.433675 
.434122 
.434569 
.435016 


.435906 

9.436353 
.436798 
.437242 


.438572 
.439014 
.439456 


9.440338 


D.r. 


7.85 
7.85 
7.83 
7.83 
7.82 
7.80 
7.80 
7.80 
7.77 
7.78 
7.77 

7.75 
7.78 
7.75 

7.72 
7.72 
7.72 
7.70 
7.70 
7.68 
7.67 

7.67 
7.65 
7.65 
7.65 
7.63 
7.62 
7.62 
7.60 
7.60 
7.58 

7.58 
7.57 
7.57 
7.55 
7.55 
7.53 
7.53 
7.52 
7.52 
7.60 

7.50 
7.48 
7.47 
7.48 
7.45 
7.45 
7.45 
7.43 
7.43 
7.42 

7.42 

7.40 
7.40 
7.38 
7.38 
7.37 
7.37 
7.35 
7.35 


L06* 


Cosine.     D.  V. 
734 


Cosine. 


984910 
984876 
984842 
984806 
984774 
984740 
984706 
984672 


964603 

984569 
984635 
984500 
984466 
984432 
984397 
984863 


984294 


984224 
984190 
984155 
984120 
984065 
964050 
984015 


D.r. 


983911 

983875 
983840 


983770 
983735 
983700 


983558 


983487 
983452 
983416 


983345 
983309 
983273 


983202 

983166 
983180 
983094 
963058 


982914 

982878 


Sine. 


.57 
.67 
.67 
.67 
.67 
.57 
.57 
.57 
.57 
.58 
.57 

.67 
.68 
.57 
.57 
.58 
.57 
.58 
.57 
.68 
.68 

.57 
.58 
.58 
.58 
.58 
.58 
.57 
.58 
.68 
.60 

.58 
.58 
.58 
.68 


.58 
.60 
.68 


.68 
.60 


.60 

.60 
.60 


.60 


D.r. 


Tang. 


9.428052 


.429062 
.429566 
.430070 
.430578 
.431075 
.431577 
.432079 
.432580 
.433060 

9.433580 
.484080 
.434579 
.435078 
.435576 
.486073 
.436570 
.487067 
.437563 


9.438554 
.439048 


.440036 
.440529 
.441022 
.441514 


.442497 


9.443479 


.444458 
.444947 
.445435 


.446411 


.447384 
.447870 

9.448356 
.448841 


.449810 
.450294 
.450777 
.451260 
.451743 


.452706 

9.453187 
.453668 
.454148 
.454628 
.455107 
.455586 
.456064 
.4565*2 
.457019 

9.457496 


Cotang. 


D.r, 


8.43 
8.40 
8.40 
8.40 
8.38 
8.37 
8.37 
8.37 
8.35 
8.33 
8.33 

8.  as 

8.32 
8.32 
8.30 
8.28 
8.28 
8.28 
8.27 
8.27 
8.25 

8.23 
8.25 
8.22 
8.22 
8.22 
8.20 
8.20 
8.18 
8.18 
8.18 

8.15 
8.17 
8.15 
8.13 
8.13 
8.13 
8.12 
8.10 
8.10 
8.10 

8.08 
8:08 
8.07 
8.07 
8.05 
8.05 
8.06 
8.03 
8.02 
8.02 

8.02 
8.00 
8.00 
7.98 
7.98 
7.97 
7.97 
7.95 
7.95 


D.r. 


Cotang. 


10.571948 
.571442 
.570938 
.570434 
.669930 
.669427 


.567921 
.667420 
.666920 

10.566420 
.566920 
.565421 
.564922 
.564424 
.568927 
.568430 
.562933 
.562437 
.561941 

10.561446 
.560952 
.560457 
.559964 
.559471 
.558978 
.558486 
.557994 
.557503 
.557012 

10.556521 
.556032 
.655542 
.555053 
.554565 
.554077 
.558589 
.663102 
.562616 
.652130 

10.551644 
.651159 
.550674 
.550190 
.549706 
.549228 
.648740 
.648257 
.547775 
.547294 

10.546813 
.546332 
.545852 
.645372 
.544893 
.644414 
.543936 
.643458 
.542981 

10.542504 


Tang. 


U^ 


le*        COSINES,  TANGENTS,  AND  COTANGENTS.        IBS* 


S4 


Sine.       D.  1'.      OoBbie.     D.  1*.        Tang.       D.  1'.      Cotang. 


9.440888 
.440778 
.441218 
.441658 
.442096 


.442978 
.448410 
.448847 
.444284 
.444720 

9.446155 
.445500 
.446025 
.446459 


.447826 
.447759 
.448191 


.449054 

1.449485 
.449915 
.450845 
.460775 
.451204 
.451682 


.462488 
.452915 


9.453768 
.454194 
.454619 
.455014 
.455469 
.466893 
.466816 
.466789 
.457162 
.457584 

9.458006 
.458427 

.468848 


.460106 
.460627 
.460946 
.461364 
.461782 

9.462199 


.463448 
.463864 
.464279 
.464694 
.466108 
.466622 
9. 


Ck)8iiie. 


7.33 
7.33 
7.33 
7.80 
7.32 
7.30 
7.28 
7.28 
7.28 
7.27 
7.25 

7.25 
7.25 
7.23 
7.23 
7.22 
7.22 
7.20 
7.20 
7.18 
7.18 

7.17 
7.17 
7.17 
7.15 
7.18 
7.13 
7.13 
7.12 
7.12 
7.10 

7.10 
7.08 
7.06 
7.08 
7.07 
7.05 
7.06 
7.05 
7.03 
7.08 

7.02 
7.02 
7.00 
7.00 
7.00 
6.96 
6.98 
6.97 
6.97 
6.95 

6.95 
6.93 
6.93 
6.93 
6.92 
6.92 
6.90 
6.90 
6.88 

D.r. 


9.982842 
.982806 


.982783 


.982587 
.982561 
.982614 
.982477 

9.982441 
.962404 


.982183 
.962146 
.982109 

9.962072 


.981998 
.981961 
.981924 
.961886 
.961849 
.961812 
.961774 
.981737 

9.981700 
.961662 
.961625 
.981687 
.961M9 
.981512 
.961474 
.981436 


.981361 

9.981323 
.961286 
.981247 
.981209 
.981171 
.961183 
.981096 
.981057 
.961019 
.960961 

9.960942 
.960904 
.980666 
.960627 
.960789 
.980750 
.960712 
.980678 
.960635 

9.980696 

Sine. 


60 


60 


62 


62 


D.  r. 


9.467496 
.457978 
.468449 
.468925 
.469400 
.469675 
.460349 


.461297 
.461770 


9.462715 
.468186 
.463668 
.464128 
.464599 
.466069 
.466689 


.466477 


9.467413 
.467880 
.468347 
.468814 


.469746 
.470211 
.470676 
.471141 
.471605 

9.472069 
.472582 
.472995 
.473457 
.478919 
.474381 
.474842 
.475808 
.475763 
.476223 

9.47668S 
.477142 
.477601 
.478059 
.478517 
.478975 
.479432 
.479889 
.480345 
.480601 

9.481257 
.481712 
.482167 


.483075 


.484485 

.484887 

9.486339 

Cotang. 


i06* 


7.95 
7.93 
7.93 
7.92 
7.92 
7.90 
7.90 
7.90 
7.88 
7.87 
7.88 

7.86 
7.87 
7.83 
7.85 
7.83 
7.88 
7.82 
7:82 
7.80 
7.80 

7.78 
7.78 
7.78 
7.77 
7.77 
7.75 
7.75 
7.75 
7.73 
7.73 

7.72 
7.72 
7.70 
7.70 
7.70 
7.68 
7.68 
7.67 
7.67 
7.67 

7.65 
7.65 
7.63 
7.63 
7.63 
7.62 
7.62 
7.60 
7.60 
7.60 

7.58 
7.58 
7.57 
7.67 
7.67 
7.65 
7.56 
7.63 
7.63 

D.r. 

.  735 


10.642504 
.542027 
.641661 
.541076 
.540600 
.540126 
.589651 
.639177 
.538708 
.588230 
.687768 

10.687285 
.586814 
.586842 
.586872 
.686401 
.634981 
.684461 


.688066 

10.582587 
.^82120 
.681668 
.631186 
.630720 
.630254 


10.527981 
.527468 
.527005 
.626543 
.526081 
.526619 
.525168 
.524697 
.524237 
.523777 

10.628817 


.621941 
.621483 
.521025 
.620568 
.520111 
.519665 
.519199 

10.518743 
.618288 
.617833 
.517879 
.516925 
.516471 
.516018 
.616565 
.515113 

10.614661 

Tang. 


7«* 


IT 


TABLE  XVIII.— LOGARITHMIC  SINES. 


l«l* 


Sln«.   D.r.   Cosina  D.  1 


9.466085 
.466348 
.466761 
.467178 
.467585 
.467996 
.468407 
.468817 


.469687 
.470016 

9.470455 
.470663 
.471271 
.471679 
.473086 
.473492 
.472898 
.473304 
.473710 
.474115 

9.474519 
.474923 
.475827 
.475780 
.476183 
.476686 
.476938 
.477340 
.477741 
.478142 

9.478542 
.478942 
.479342 
.479741 
.480140 
.480539 
.480937 
.481884 
.481781 


9.482525 
.482921 
.488316 
.483712 
.484107 
.484501 
.484895 


.486682 
.486075 

9.486467 
.486860 
.487251 
.487643 
.488034 


.489593 


Cosine. 


107» 


6.88 
6.88 
6.87 
6.87 
6.85 
6.85 
6.83 
6.83 
6.88 
6.82 
6.82 

6.80 
6.80 
6.80 
6.78 
6.77 
6.77 
6.77 
6.77 
6.75 
6.78 

6.78 
6.78 
6.72 
6.72 
6.72 
6.70 
6.70 
6.68 
6.68 
6.67 

6.67 
6.67 
6.66 
6.66 
6.66 
6.63 
6.62 
6.62 
6.62 
6.62 

6.60 
6.58 
6.60 
6.58 
6.57 
6.57 
6.57 
6.55 
6.55 
6.58 

6.55 
6.52 
6.58 
6.52 
6.50 
6.50 
6.50 
6.48 
6.48 

D  r. 


736 


9.980696 
.960558 
.960519 
.960480 
.980442 
.980403 
.980864 


.980247 
.960206 

9.960169 
.960180 
.960091 
.960052 
.980012 
.979973 
.979934 
.979695 
.979655 
.979616 

9.979776 
.979737 
.979697 
.979658 
.979618 
.979579 
.979589 
.979499 
.979459 
.979420 

9.979880 
.979840 
.979800 
.979260 
.979220 
.979180 
.979140 
.979100 
.979069 
.979019 

9.978979 
.978939 
.978898 
.978868 
.978817 
.978777 
.978787 
.978696 
.978665 
.978615 

9.978574 
.978583 
.978493 
.978452 
.978411 
.978370 


.978288 

.978247 

9.978206 

Sine. 


65 


.D.  1'. 


Tang.      D.  1'.     Cotang. 


.466791 
.486242 


.487143 
.487593 


.488941 


.489638 

9.490286 
.490783 
.491180 
.491627 
.492073 


.493410 


9.494743 
.495186 
.496680 
.496078 
.496515 
.496957 
.497899 
.497841 


.496722 

9.499168 
.499608 
.600042 
.600481 
.600920 
.601869 
.601797 


.602672 
.608109 

9.608646 
.603982 
.604418 
.604864 


.505724 
.606159 
.606598 
.607027 
.607460 

9.507893 


.606769 
.609191 


.510064 
.510486 
.510916 
.611846 
9.611776 

Cotang. 


7.68 
7.62 
7.62 
7.50 
7.50 
7.60 
7.48 
7.48 
7.48 
7.47 
7.47 

7.45 
7.45 
7.45 
7.48 
7.48 
7.48 
7.42 
7.40 
7.42 
7.40 

7.38 
7.40 
7.88 
7.87 
7.87 
7.87 
7.87 
7.85 
7.88 
7.85 

7.88 
7.82 
7.82 
7.82 
7.82 
7.80 
7.80 
7.28 
7.28 
7.28 

7.27 
7.27 
7.27 
7.25 
7.25 
7.25 
7.23 
7.28 
7.28 
7.22 

7.22 
7.22 
7.20 
7.18 
7.20 
7.18 
7.18 
7.17 
7.17 


10.514661 
.614209 
.518758 
.518807 
.612857 
.612407 
.611967 
.511508 
.611069 
.610610 
.610162 

10.609714 
.609267 
.506^0 
.608878 
.607927 
.607481 
.607085 
.606690 
.606146 
.60W01 

10.606257 
.604814 
.604870 
.606927 
.608485 
.508043 
.502601 
.602169 
.601718 
.601278 

10.600687 
.600897 
.499968 
.499519 
.499060 
.496641 
.496208 
.497765 
.497828 
.496691 

10.J^t*>t54 
.i:jf;m8 

A'JM46 
.^■JJTll 
..JUJ'J76 
.  JLJ;iS41 

:  .  40 

10.492107 
.491674 
.491241 
.490609 
.490878 
.489946 
.460615 
.489064 
.488664 

10.488224 


D.  1'.  I     Tang. 


w 


18« 


COSINES,  TANGENTS,  AND  COTANGENTS.        16V 


Sine.       D.  I'.       Cosine.     D.  1' 


9.489963 
.490871 
.490759 
.491147 
.491535 
.491922 


.493061 
.493466 
.498861 

9.494286 


.496005 


.495772 
.496164 
.496537 
.496919 
.497801 


9.498064 
.498444 


.49^84 
.499963 
.500842 
.600781 
.601099 
.601476 

9.601854 
.602231 
.602607 


.603786 
.604110 
.604485 
.601860 
.6062^ 

9.606608 
.606961 
.606854 
.606727 
.607099 
.607471 
.607843 
.606214 
.606585 
.608956 

9.609326 
.609696 
.610066 
.610134 
.610803 
.611172 
.611540 
.611907 
.612275 

9.612612 

Cosine. 


6.48 
6.47 
6.47 
6.47 
6.45 
6.48 
6.45 
6.48 
6.42 
6.42 
6.42 

6.42 
6.40 
6.88 
6.40 
6.87 
6.88 
6.87 
6.87 
6.85 
6.85 

6.83 
6.86 
6.82 
6.33 
6.82 
6.82 
6.82 
6.80 
6.28 
6.80 

6.28 
6.27 
6.28 
6.27 
6.25 
6.25 
6.25 
6.25 
6.23 
6.23 

6.22 
6.22 
6.22 
6.20 
6.20 
6.20 
6.18 
6.18 
6.18 
6.17 

6.17 
6.15 
6.15 
6.15 
6.15 
6.18 
6.12 
6.13 
6.12 


D.r. 


9.978206 
.978165 
.978124 
.978063 
.978040 
.978001 
.977959 
.977918 
.977877 
.977835 
.977794 

9.977762 
.977711 
.977669 
.9r7628 
.977586 
.977544 
.977508 
.977461 
.977419 
.977877 

9.977885 
.977298 
.977251 
.977209 
.977167 
.977125 
.977083 
.977041 
.976999 
.976957 

9.978914 
.976872 


.976787 
.976746 
.976702 
.976660 
.976617 
.976574 
.976582 

9.976489 
.976446 
.976404 
.976861 
.976318 
.976275 


.976189 
.976146 
.976103 

9.976060 
.976017 
.975974 
.975980 
.975887 
.975844 
.975800 
.975757 
.975714 

9.975670 


.68 
.68 
.70 
.68 
.68 
.70 
.68 
.70 

.68 
.70 
.68 
.70 
.70 
.68 
.70 
.70 
.70 
.70 

.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.70 
.72 

.70 
.70 
.72 
.70 
.72 
.70 
.72 
.72 
.70 
.72 

.73 
.70 
.72 
.72 
.73 
.72 
.72 
.72 
.72 
,73 

.72 
.72 
.73 
.72 
.72 
.73 
.72 
.72 
.73 


Tang.   D.  1'.   Cotang. 


Sine.  I  D.  V. 


9.511776 
.612206 
.512686 
.518064 
.513493 
.618921 
.514849 
.614777 
.516204 
.615681 
.616057 

9.616484 
.616910 
.617885 
.517761 
.618186 
.518610 
.619084 
.619468 
.619862 
.620805 

9.620728 
.621151 
.621678 
.621995 
.522417 


.524100 


9.624940 


.525778 
.526197 
.626615 
.527083 
.627461 
.627868 


.628702 
1.629119 


.529951 
.530866 
.680781 
.531196 
.681611 


.632858 

9.583266 
.538679 


.534504 
.534916 
.535328 
.635789 
.6.%160 
.536561 
9.536972 


7.17 
7.15 
7.15 
7.15 
7.18 
7.18 
7.18 
7.12 
7.12 
7.10 
7.12 

7.10 
7.08 
7.10 
7.08 
7.07 
7.07 
7.07 
7.07 
7.06 
7.05 

7.06 
7.08 
7.08 
7.08 
7.02 
7.02 
7.02 
7.00 
7.00 
7.00 

6.98 
6.98 
6.98 
6.97 
6.97 
6.97 
6.96 
6.95 
6.95 
6.95 

6.93 
6.93 
6.92 
6.92 
6.92 
6.92 
6.90 
6.90 
6.90 
6.88 

6.88 
6.88 
6.87 
6.87 
6.87 
6.85 
6.85 
6.85 
6.85 


Cotang.  1  D.  1'. 


10.488224 
.487794 
.467865 
.486986 
.486507 
.486079 
.485661 
.486223 
.464796 


10.488616 
.488090 
.480665 
.482289 
.481814 
.481890 
.480066 
.480642 
.480118 
.479695 

10.479873 
.478849 
.478427 
.478005 
.477583 
.477162 
.476741 
.476320 
.475900 
.475480 

10.476060 
.474641 
.474222 
.473803 
.473385 
.472967 
.47^549 
.472182 
.471716 
.471298 

10.470881 
.470465 
.470049 
.469684 
.469219 
.468804 
.468889 
.467976 
.467661 
.467147 

10.466734 
.466321 
.466908 
.466496 
.466064 
.461672 
.461261 
.463860 
.468489 

10.468028 

Tang. 


108* 


737 


tv 


a9» 


TABLE  XVIII.— LOGARITHMIC  SINES. 


160» 


27 


Sine. 


9.512642 
.6ia009 
.518875 
.618741 
.514107 
.514472 
.514887 
.515202 
.515566 
.515980 
.516294 

9.516657 
.517020 
.517882 
.517746 
.618107 
.618468 
.518829 
.519190 
.519651 
.619911 

9.620271 


.621849 
.621707 
.622066 


.622781 
.628188 


9.628862 


.624564 


.625275 
.525680 


.527046 

9.627400 
.627758 
.528105 
.528468 
.628810 
.629161 
.629518 
.529864 
.630215 
.630565 

9.680915 
.531265 
.581614 
.581963 
.682312 
.632661 
.683009 
.688357 
.588704 

9.534052 

Cosine. 


D.  1".      Cosine.     D.  1".       Tang.       D.  1'.     Cotang. 


3W 


6.12 
6.10 
6.10 
6.10 
6.08 
6.06 
6.08 
6.07 
6.07 
6.07 
6.06 

6.05 
6.08 
6.05 
6.08 
6.02 
6.02 
6.02 
6.02 
6.00 
6.00 

6.00 
6.96 
6.96 
5.97 
6.98 
6.97 
6.95 
6.95 
6.95 
6.95 

6.98 
6.98 
6.98 
5.92 
6.92 
6.90 
6.92 
5.90 
5.88 
6.90 

5.88 
5.87 
5.88 
6.87 
5.86 
6.87 
6.86 
6.86 
5.88 
6.88 

5.88 
5.82 
5.82 
5.82 
6.82 
5.80 
6.80 
6.78 
6.80 

D.  r. 


73$ 


9.975670 
.975627 
.976583 
.975539 
.975496 
.975452 
.975408 
.976865 
.975821 
.976277 
.975283 

9.975189 
.975145 
.975101 
.975057 
.975018 
.974969 
.974925 
.974880 
.974886 
.974792 

9.974748 
.974708 
.974669 
.974614 
.974570 
.974525 
.974481 
.974436 
.974391 
.974847 

9.974802 
.974257 
.974212 
.974167 
.974122 
.974077 
.974082 
.973987 
.973942 
.973897 

9.978852 
.973807 
.978761 
.978716 
.978671 
.978625 
.978680 
.978585 
.978489 
.973444 

9.978898 
.978852 
.973807 
.973261 
.973215 
.978169 
.978124 
.978078 
.978082 

9.972986 

Sine. 


.72 
.78 
.'iS 
.72 
.78 
.73 
.72 
.73 
.78 
.78 
.78 

.78 
.73 
.78 
.78 
.73 
.73 
.75 
.73 
,78 
.73 

.75 
.73 
.75 
.73 
.75 
.78 
.75 
.75 
.78 
.75 

.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 
.75 

.75 

.77 
.75 
.75 
.77 
.75 
.76 
.77 
.75 
.77 

.77 
.75 
.77 
.77 
.77 
.75 
.77 
.77 
.77 

D.r. 


9.686972 
.637882 
.687792 
.538202 
.538611 


.539837 
.540245 
.640668 
.541061 

9.541468 
.541875 
.642281 


.648094 
.648499 
.543906 
.544310 
.644716 
.645119 

9.546624 


.646881 
.646736 
.647188 
.647540 
.647948 
.648845 
.648747 
.549149 

9.549660 
.649951 
.560852 
.660762 
.551168 
.551652 
.651952 
.662851 
.662750 
.658149 

9.558648 
.668946 
.654844 
.664741 
.666189 


.656725 
.667121 

9.667517 
.667918 
.558808 
.558708 
.559097 
.659491 


.560279 

.660678 

9.561066 

Cotang. 


6.83 
6.88 
6.88 
6.82 
6.82 
6.82 
6.80 
6.80 
6.80 
6.80 
6.78 

6.78 
6.77 
6.78 
6.77 
6.75 
6.7? 
6.76 
6.76 
6  78 
6.76 

3.73 
6.72 
6.73 
6.72 
6.70 
6.72 
6.70 
6.70 
6.70 
6.68 

6.68 
6.68 
6.67 
6.68 
6.66 
6.67 
6.65 
6.66 
6.66 
6.66 

6.63 
6.63 
6.62 
6.68 
6.62 
6.62 
6.60 
6.60 
6.60 
6.60 

6.60 
6.68 
6.68 
6.57 
6.67 
6.67 
6.57 
6.67 
6.65 


D.  r. 


10.468028 
.462618 
.462206 
.461798 
.461889 
.460960 
.460671 
.460163 
.459755 
.459847 
.468989 

10.468532 
.458125 
.457719 
.457812 
.456906 
.456601 
.466095 
.466690 
.456285 
.464881 

10.454476 
.4540C2 


.462057 
.451666 
.461253 
.450651 

10.450450 
.450049 
.449618 
.449248 
.448847 
.44&i48 
.448018 
.447W9 
.44^50 
.446851 

10.446462 
.446054 
.446656 
.446250 
.4^4861 
.444464 
.444067 
.443671 
.448276 
.442679 

10.442483 
.442067 
.441692 
.441297 
.440903 
.440509 
.440115 
.439721 
.439327 

10.488934 

Tang,     i 


80* 


COSINES,  TANGENTS,  AND  COTANGENTS.       i09. 


Sine.       D.l*.      Ooeiiie.     D.1%       T^mg.      D.l*.     Ck>taiig.      » 


9.534052 
.534899 
.584745 
.535092 


.535783 
.536129 
.636474 
.536818 
.537163 
.537507 

9.537851 
.538194 


.539907 


.640590 
.540931 

9.641272 
.541613 
.541953 


.542971 
.643310 
.543649 
.543987 
.544325 

9.544663 
.545000 


.545674 
.546011 
.546347 


.647019 
.647354 
.547689 

9.548024 


.549027 


560026 
.550359 
.560692 
.551024 

9.651356 
.651687 
.662018 


.658010 
.558341 
553670 
554000 
60  9554329 


Ck>sme.   D.  T. 


6.78 
5.77 
5.78 
5.77 
5.75 
5.77 
6.75 
6.78 
6.75 
6.78 
6.78 

5.72 
6.78 
5.70 
6.72 
6.70 
6.70 
5.68 
6.68 
5.68 
5.68 

5.68 
5.67 
.  5.67 
6.66 
5.66 
5.65 
5.65 
5.68 
6.68 
5.68 

5.62 
5.68 
6.60 
5.62 
5.60 
6.60 
6.60 
5.58 
5.58 
6.68 

5.58 
5.57 
5.57 
6.65 
6.55 
5.55 
6.55 
5.55 
6.53 
5.53 

6.52 
5.62 
5.52 
5.62 
5.50 
5.52 
5.48 
6.50 
5.48 


972986 
972940 
972894 
972848 
972802 
972755 
972709 
972668 
97«617 
972570 


972478 
972431 
972885 
972888 
972291 
972245 
972198 
972151 
972105 
972058 

972011 
971964 
971917 
971870 
971828 
971776 
971729 
971682 
971635 
971588 

971640 
971493 
971446 
971898 
971351 
9n303 
971256 
971208 
971161 
971113 

971066 
971018 
970970 
970922 
970874 
970827 
970779 
970731 
970683 
9706C5 

970586 
970588 
970490 
970442 
970394 
970345 
970297 
970249 
970200 
970162 


Sine. 


.77 
.77 
.77 
.77 
.78 
.77 
.77 
.77 
.78 
.77 
.77 

.78 
.77 
.78 
.78 
.77 
.78 
.78 
.77 
.78 
.78 

.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.78 
.80 

.78 
.78 
.80 
.78 
.80 
.78 
.80 
.78 
.80 
.78 

.80 
.80 
.80 
.80 
.78 
.80 
.80 
.80 
.80 
.82 

.80 

.80 
.80 
.80 
.82 
.80 
.80 


9.661066 
661469 
561851 


D.  r. 


663419 
663811 
564202 
,664693 
.564968 

665878 
666763 
566153 
566542 


667820 
567709 
568098 
,668486 
568873 

569261 
,669648 
,570035 
,570422 
,570809 
571195 
571581 
571967 


672738 

678123 
678507 
678892 
674276 
674660 
675044 
675427 
576810 
676198 
676576 


677341 
677723 
578104 

578486 
578867 
579248 
679629 
580009 


580769 
581149 
581528 
581907 


583044 
583422 
583800 
584177 


6.65 
6.68 
6.65 
6.68 
6.68 
6.52 
6.53 
6.5S 
6.58 
6.50 
6.60 

6.60 
6.50 
6.48 
6.50 
6.47 
6.48 
6.48 
6.47 
6.45 
6.47 

6.45 
6.45 
6.45 
6.45 
6.43 
6.48 
6.48 
6.42 
6.48 
6.42 

6.40 
6.42 
6.40 
6.40 
6.40 
6.88 
6.38 
6.88 
6.88 
6.88 

6.37 
6.37 
6.35 
6.37 
6.35 
6.35 
6.35 
6.33 
6.33 
6.33 

6.33 
6.82 
6.32 
6.32 
6.32 
6.32 
6.30 
6.30 
6.28 


10.4:;?'984 

60 

.m^\ 

69 

A'i^\4Q 

68 

.^^7766 

67 

.437364 

66 

,4^1t5972 

65 

.J^itr)81 

64 

.4.^ril89 

63 

•m-m 

62 

.+r407 

61 

.4^10017 

60 

10.484627 

49 

.484287 

48 

.488847 

47 

.488458 

46 

.438068 

45 

.482680 

44 

.482291 

43 

.481902 

42 

.481514 

41 

.481127 

4Si 

10.430739 

39 

.430352 

38 

.429965 

37 

.429578 

36 

.429191 

35 

.428805 

34 

.428419 
.428033 
.427648 
.427262 

10.426877 
.426493 
.426108 
.425724 
.425840 
.424956 
.424573 
.424190 


10.423041 
.422659 
.422277 
.421896 
.421514 
.421133 
.420752 
.420371 
.419991 
.419611 

10.419231 
.418851 
.418472 
.418093 
.417714 
.417335 
.416956 
.416578 
.416200 

10.415823 


110* 


Cotan^:.  D.  1'.   Tang. 
739 


31 


27 


68* 


TABLE  XVIII.— L'i^GARITHMIC  SINES. 


1S8* 


'       Sine.      D.  r      Cosine.     D.  1*.       Tang.      D.  1*.      Ootang.      » 


9.654829 
.664658 
.654987 
.555815 
.655648 
.555971 


.556953 

.557280 
.557606 

9.557982 


.558583 


.559234 
.559568 


.560207 
.660531 
.660655 

9.561178 
.661501 
.661824 
.562146 


.662790 
.663112 
.663433 
.663755 
.664075 

9.664896 
.664716 
.666086 
.666856 
.665676 
.666995 
.666314 


.566961 


9.567587 
.567904 


.669172 


.569804 
.570120 
.570435 

9.570751 
.571066 
.571380 
.571695 
.572009 


.572636 

.672950 

.678263 

9.678576 


5.48 
5.48 
5.47 
5.47 
6.47 
6.47 
6.45 
5.45 
6.45 
6.43 
6.43 

5.43 
6.42 
6.43 
6.42 
6.40 
6.42 
5.40 
5.40 
6.40 
6.88 

6.88 
6.38 
6.87 
6.87 
6.87 
6.87 
6.85 
6.87 
6.33 
6.35 

6.83 
6.33 
6.33 
5.33 
6.32 
6.32 
6.80 
6.82 
6.80 
6.80 

6.28 
6.80 
6.28 
6.28 
6.27 
6.27 
6.27 
5.27 
6.25 
5.27 

6.25 
5.23 
6.25 
5.23 
5.23 
5.22 
5.28 
5.22 
5.20 


111- 


Cosine.     D.  1*. 


740 


1.970152 
.970103 
.970055 
.970006 


.969860 
.969811 
.969762 
.969714 


9.969616 
.969567 
.969518 


.969370 


.969272 


.969173 

9.969124 
.969075 


.968976 


.968877 


.968777 


.968678 

9.9i:.Hi;38 
.91X78 
.9<kH..28 
.9118179 
.»;^189 
.9tiH:w9 
.«^..^^89 
.9fi>t.'78 
.9(:^S288 
.9G8178 

9.968128 
.968078 
.968027 
.967977 
.967927 
.967876 
.967826 
.967775 
.967725 
.967674 

9.967624 
.967573 
.967522 
.967471 
.967421 
.967370 
.967319 
.967268 
.967217 

9.967166 


80 


80 


83 


9.684177 
.684555 


.585309 


.586439 
.686815 
.687190 
,687566 
.687941 

9.588816 
.588691 


589614 
.590188 


.590935 
.591806 
.591681 

9.592054 


.593m 
.593542 
.593914 
.594285 


.606027 
.595398 

9.595768 
.596188 
.596508 
.696878 
.597247 
.697616 
.697985 
.698354 
.598722 
.599091 

9.599459 
.599827 
.600194 


.601296 
.601663 


.602395 
.602761 

9.603127 


.604223 


.604953 
.605317 


.606046 
9.606410 


6.30 
6.28 


6.27 
6.28 
6.27 
6.25 
6.27 
6.25 
6.25 

6.25 
6.25 
6.23 
6.23 
6.23 


6.22 
6.22 
6.22 

6.20 
6.22 
6.20 
6.18 
6.20 
6.18 
6.18 
6.18 
6.18 
6.17 

6.17 
6.17 
6.17 
6.15 
6.15 
6.15 
6.15 
6.13 
6.15 
6.18 

6.13 
6.12 
6.13 
6.12 
6.12 
6.12 
6.10 
6.10 
6.10 
6.10 

6.10 
6.08 
6.08 
6.08 
6.06 
6.07 
6.06 
6.07 
6.07 


10.415828 
.415445 
.415068 
.414691 
.414314 
.413938 
.413561 
.413185 
.412810 
.412434 
.412050 

10.411684 
.411309 
.410034 
.410560 
.410186 
.400812 
.409438 
.409065 
.408692 
.408819 

10.407946 
.407574 
.407201 
.406829 
.406458 
.406086 
.405715 
.405344 
.404973 
.404602 

10  4nj::32 

.■i<i;>62 
.  10:^^92 
.  1^1:^122 
.4iJ^^r53 

.  ^\ys^M: 

.4(r?i'16 
.40]i'46 

.4m^j09 

10  Ii>t541 

.•jiH>l73 
..^^inH06 

,;W!Ji>71 
.:!LJH704 
.ML4h;S7 

.:^i;i«5 


10      r?8 

.;;..M,42 
Ji■,^^^77 
.M'i.:4l2 

.a'l4:tt8 

,.^ti^:^;»54 
10  a'.^:ij90 


Sine.       D.  1*.   :  I  Cotang.  I  D.  1'. 


Tang. 


sd* 


COSINES,  TANGENTS  AND   COTANGENTS.       157* 


9.678675 


.574200 
.574512 
.674804 
.575136 
.575447 
.575758 


.676879 
.676689 

9.576999 
.677809 
.577618 
.577927 


.578645 


.679162 
.579470 
.579777 

9.580065 


.581005 
.581312 
.581618 


.583840 

9.688146 

.588449 
.588754 
.584068 
.684861 


.584968 
.585272 
.586674 

.686877 

9.586179 


.586788 
.587086 
.687886 
.687688 
.667989 


9.560190 
.589489 
.569789 


.690687 


.690984 

.691282 

.691580 

9.601678 

CoBine. 


D.  r.      Cosine.     D.  !•.        Tang.      D.  r.      Cotang. 


5.22 
5.20 
5.20 
5.20 
5.20 
6.18 
6.18 
5.18 
5.17 
6.17 
5.17 

5.17 
5.16 
6.15 
6.15 
6.15 
5.18 
5.15 
6.18 
6.12 
6.18 

5.12 
6.12 
5.10 
5.12 
5.10 
6.10 
5.08 
5.10 
5.06 
5.08 

5.07 
5.08 
5.07 
5.06 
5.07 
6.05 
5.07 
5.08 
5.05 
6.03 

5.05 
5.02 
5.08 
5.02 
5.08 
5.02 
5.00 
6.02 
5.00 
5.00 

4.96 
5.00 
4.98 
4.98 
4.98 
4.97 
4.97 
4.97 
4.97 

D.  r. 


9.967166 
.967115 
.967064 
.967013 
.966961 
.966910 
.966859 


.966756 
.966705 
.966653 

9.966602 
.966650 


.966447 
.966895 
.966844 


.966188 


9.966086 
.966033 
.965981 


176 


.965772 
.965720 
.965668 
.965615 

9.966668 
.966611 
.966458 
.965406 


.966801 
.965248 
.965195 
.965143 
.966090 

9.966037 
.964984 
.964931 
.964879 
.964826 
.964773 
.964720 


.964613 
.964660 

9.964507 
.964454 
.964400 
.964847 


.964240 
.964187 
.964133 
.964080 
9.964026 

Sine. 


87 


90 


90 


D.  1'. 


9.606410 
.606778 
.607137 
.607500 
.607863 


.608950 
.609812 
.609674 
.610086 

9.610397 
.610759 
.611120 
.611480 
.611841 
.612201 
.612661 
.612921 
.613281 
.618641 

9.614000 
.614859 
.614718 
.616077 
.616435 
.616793 
.616151 
.616509 
.616867 


9.617682 
.617939 
.618295 
.618652 
.619008 
.619864 
.619720 
.620076 


.620787 

9.621142 
.621497 
.621852 


.628076 
.624830 

9.624688 


.625741 
.628093 
.626445 


,627149 

.627501 

9.627852 

Cotang. 


6.05 
6.07 
6.05 
6.05 
6.08 
6.06 


6.03 
6.02 

6.03 
6.02 
6.00 
6.02 
6.00 
6.00 
6.00 
6.00 
6.00 
5.98 

6.98 

5.98 
5.98 
6.97 
5.97 
6.9/ 
5.97 
5.97 
5.96 
5.97 

6.95 
5.98 
5.96 
5.98 
6.93 
6.93 
6.98 
5.98 
6.92 
6.92 

5.92 
5.92 
5.92 
5.90 
5.90 
5.90 
5.90 
5.88 
5.90 
6.88 

5.88 
5.87 
5.88 
5.87 
5.87 
5.87 
5.87 
5.87 
5.86 

D.  r. 


10.893590 


.393600 
.892137 
.391775 
.391412 
.891050 


lO.J 


.888159 
.887799 
.887439 
.887079 
.886719 


10.886000 
.885641 


.884665 
.884207 
.883649 
.383491 
.888133 
.882776 

10.882418 
.882061 
.881705 
.881348 
.880992 
.880636 
.880280 
.879924 
.879568 
.879213 

10.878858 
.878503 
.878148 
.877793 
.877489 
.877085 
.876731 
.876377 
.876024 
.875670 

10.875317 
.374964 

.  .374612 
.374259 
.378907 
.378565 
.873203 
.872851 

10.872148 

Tang. 


U9* 


741 


W 


33» 


TABLE  XVin.— LOGARITHMIC  SINES. 


i6d* 


81 


37 


Sine/ 


9.591878 
.592176 
.592473 
.592770 
.593067 


27 

.600118 
.600409 

30   .600700 


.593955 
.594251 
.594547 
.594842 

9.595137 
.595432 
.595727 
.596021 
.596315 


D.r. 


.597196 
.597490  I 
.597783 

9.598075  . 


.598660 
.598952 
.599244 


9.600990 
.601280 
.601570 
.601860 
.602150 


.602728 
.603017 
.603305 


.604170 
.604457 
.604745 


.605319 
.605606 


.606179 
.606465 

9.606751 
.607036 


.607607 
.607892 
.608177 
.608461 
.608745 


9.609313 


4.97 
4.95 
4.95 
4.95 
4.93 
4.93 
4.93 
4.93 
4.93 
4.92 
4.92 

4.92 
4.92 
4.90 
4.90 
4.90 
4.90 
4.88 
4.90 
4.88 
4.87 

4.88 
4.87 
4.87 
4.87 
4.87 
4.85 
4.85 
4.85 
4.85 
4.83 

4.83 

4.83 
4.83 
4.83 
4.82 
4.82 
4.82 
4.80 
4.82 
4.80 

4.80 
4.78 
4.80 
4.78 
4.78 
4.78 
4.77 
4.78 
4.77 
4.77 

4.75 
4.77 
4.75 
4.75 
4.7S 
4.73 
4.73 
4.73 
4.r3 


118* 


Cosine.     D.  1'. 


742 


Cosine. 


9.964026 
.963972 
.963919 


.963811 
,963757 
.963704 
.963650 


.963542 


9.963434 
.963379 


.963271 
.963217 
963163 
.963108 
.963054 


.962945 
9.962890 


.962781 
.962727 
962672 
.962617 


.962453 


9.962343 


.962178 


.962067 
.962012 
.961957 
.961902 


9.961791 
.961735 


.961624 
.961569 
.961513 
.961458 
.961402 
.961346 
.961290 

9.961235 
.961179 
.961123 
.961067 
.961011 
.960955 


D.r. 


.960843 

.960786 

9.960730 


Sine. 


D.r, 


TanfT. 


D.r. 


9.627852 


.630306 
.630656 
.631005 
.631355 

9.631704 


.632750 


.633447 
.633795 
.634143 
.634490 


9.635185 
.635532 
.635879 


.636573 


.637265 
.637611 
.637956 


9.638647 


.640027 
.640371 
.640716 
.641060 
.641404 
.641747 

9.642091 
.642434 
.642777 
.643120 
.643463 
.643806 
.644148 
.644490 


.645174 

0.645516 
.645857 
.646199 
.646540 


.647562 

.647903 

.648243 

9.648583 


Cotang. 


5.85 

5.85 
5.85 
5.83 
6.85 
5.83 
5.83 
5.83 
5.82 
5.83 
6.82 

5.82 
6.82 
6.80 
5.82 
5.80 
5.80 
5.80 
6.78 
5.80 
5.78 

5.78 
6.78 
6.78 
5.77 
5.78 
5.77 
5.77 
5.75 
5.77 
6.75 

6,75 
5.75 
5.75 
5.75 
5.73 
5.75 
6.73 
5.73 
6.72 
6.73 

6.72 
6.TO 
6.72 

6.73 
6.73 
6.70 
6.70 
6.70 
6.70 
6.70 

5.68 
6.70 
6.68 
5.68 
6.68 
6.67 
6.68 
6.67 
6.67 


Cotang. 


10.873148 
.871797 
.371446 
.371095 
.370745 
.870394 
.870044 
.369694 
.869344 
.868995 
.868645 

10.868296 
.867947 
.367598 
.867360 
.866901 
.866553 
.866205 
.865857 
.865510 
.865163 

10 ^^^6 
Mtg468 

.wa2i 

.^W774 

.rin-785 
.3a;W89 
.862044 
.361698 

10.361353 
.361008 
.360663 
.360318 
.859973 
.859629 
.850284 
.858940 
.858596 
.858263 

10.3,"jTI)09 
.a^7ri66 

.;r>t>«o 

.H.-^;.')37 
.:r.i:L94 
.a''<,rt52 

,;a:j^")l0 
Am  168 

10.864481 
.854143 
.853801 
.853460 
.853119 
.852778 


.851757 
10.351417 


D.r. 


Tang. 


«^ 


«4* 


COSINES,  TANGENTS,   AND  COTANGENTS.        155* 


♦       Slna      D.  r.      CcMslne.     D.l*.       Tang.      D.  S*.     Cotang. 


0 

9.609818 

1 

.609597 

2 

.60g680 

8 

.610164 

4 

.610447 

5 

.610729 

6 

.611012 

7 

.611294 

8 

.611576 

9 

.611858 

10 

.612140 

11 

0.612421 

12 

.612702 

18 

.612963 

14 

.618264 

15 

.618545 

16 

.618825 

17 

.614105 

18 

.614885 

19 

.614665 

20 

.614944 

21 

9.615228 

22 

.615502 

23 

.615781 

24 

.616060 

25 

.616338 

26 

.616616 

27 

.616894 

28 

.617172 

29 

.617450 

30 

.617727 

81 

9.618004 

32 

.618&81 

88 

.618558 

84 

.618884 

85 

.619110 

86 

.619886 

87 

.619662 

88 

.619938 

89 

.620213 

40 

.620488 

41 

9.620768 

42 

.621038 

48 

.621318 

44 

.621587 

45 

.621861 

46 

.622136 

47 

.622409 

48 

.622682 

49 

.622956 

50 

.628229 

51 

9.623502 

52 

.628774 

58 

.624047 

54 

.624819 

55 

.624591 

56 

.624863 

57 

.625135 

58 

.625406 

59 

.625677 

60 

0.625948 

'     Ck>sine. 


4.73 
4.72 
4.78 
4.72 
4.70 
4.72 
4.70 
4.70 
4.70 
4.70 
4.68 

4.68 
4.68 
4.68 
4.68 
4.67 
4.67 
4.67 
4.67 
4.65 
4.66 

4.65 
4.65 
4.65 
4.63 
4.68 
4.68 
4.63 
4.63 
4.62 
4.62 

4.62 
4.62 
4.60 
4.60 
4.60 
4.60 
4.60 
4.58 
4.58 
4.58 

4.58 
4.58 
4.57 
4.57 
4.57 
4.57 
4.55 
4.57 
4.55 
4.56 

4.68 
4.55 
4.53 
4.53 
4.53 
4.53 
4.62 
4.52 
4.52 


D.  r. 


9.960730 
.960674 
.960618 
.960561 
.960505 
.960448 


.960835 
.960279 


.960165 

9.960109 
.960052 
.959995 


.959711 
.959654 
.959596 

9.959539 


.959810 
.959253 
.959195 
.959138 
.959080 


9.958965 
.958908 
.958850 
.958792 
.958734 
.958677 
.958619 
.958561 
.958503 
.958445 

9.958387 


.958271 
.958213 
.958154 
.958096 


.957979 
.957921 
.957863 

9.957804 
.967746 
.957687 
.957628 
.957570 
.957511 
.967462 
,957393 
.957335 

9.957276 


Sine.  I  D.  1'.  )  Cotang. 


9.648583 


.649602 


.650281 


.660959 
.651297 
.651636 
.661974 


.652650 


.654000 
.654337 
.654674 
.665011 
.656848 

9.655684 


.656356 


.657028 
.657364 
.657699 
.658034 


.658704 
9.659039 


.659708 


.660710 
.661043 
.661377 
.661710 


9.662376 
.662709 


.663375 
.663707 


.664371 
.664703 
.665035 
.665366 

9.665698 


.667021 


.668013 

.668343 

9.668673 


6.67 
6.67 
5.66 
5.67 
6.65 
5.66 
5.65 
5.63 
5.66 
5.63 
5.63 

6.63 
5.68 
6.63 
6.62 
6.62 
6.62 
5.6SS 
6.62 
5.62 
6.60 

6.60 
5.60 
5.60 
5.60 
6.60 
5.58 
5.58 
6.58 
6.58 
6.58 

5.57 
5.58 
5.57 
5.57 
6.57 
5.55 
6.57 
5.55 
5.55 
5.55 

5.55 
5.55 
6.55 
5.53 
5.53 
5.53 
5.53 
6.53 
5.52 
5.53 

5.52 
5.52 
5.52 
5.50 
6.52 
5.50 
5.52 
5.50 
5.50 


10.361417 
.351077 
.350787 
.850396 
.350058 
.349719 
.349380 
.349041 
.348703 
.348364 
.348026 

10.847688 
.347350 
.847012 
.346674 
.346337 
.846000 
.845663 
.845326 


10.344316 
.843980 
.843644 
.843308 
.342972 
.842636 
.342301 
.841966 
.841631 
.341296 

10.340961 
.340627 


.339624 
.a*J9290 
.838957 


.337957 

10.337624 
.337291 
.836958 
.836625 


.334634 

10.334302 
.333971 
.333640 


.332648 
.832318 
.331987 
.331657 
10.331327 


u*» 


D.  r. 


743 


Tang. 


W 


26« 


TABLE   XVIII.— LOGARITHMIC  SINES. 


264« 


2<k 


27 


Sine. 


9.6:36948 


.627300 
.687570 
.627840 


9.628916 
.629185 
.629453 


.680257 


.680r92 
.681059 


9.631593 
.631859 
.632125 


.683454 
.633719 
.633984 

9.684249 
.634514 
.634778 
.635042 
.635306 
.686570 


.636097 


9.636886 
.687148 
.687411 
.687673 
.637985 
.688197 


9.689503 
.689764 
.640024 
.640284 
.640544 
.640804 
.641064 
.641324 
.641583 

9.641842 

Cosine. 


D.V. 


116* 


4.62 
4.52 
4.50 
4.50 
4.60 
4.50 
4.50 
4.48 
4.48 
4.48 
4.48 

4.48 
4.47 
4.47 
4.47 
4.47 
4.45 
4.47 
4.45 
4.45 
4.45 

4.48 
4.43 
4.45 
4.43 
4.42 
4.48 
4.42 
4.42 
4.42 
4.42 

4.42 
4.40 
4.40 
4.40 
4.40 
4.40 
4.88 
488 
4.88 
4.38 

4.37 
4.88 
4.87 
4.87 
4.87 
4.35 
4.37 
4.85 
4.85 
4.85 

4.85 
4.33 
4.33 
4.33 
4.83 
4.83 
4.33 
4.32 
4.32 

D.r. 

744 


Cosine. 


9.957276 
.957217 
.957158 
.967099 
.957040 
.956981 
.966921 


.966803 
.966744 
.966684 

9.956625 
.966666 
.956506 
.956447 
.956387 
.966327 


.956208 
.956148 
.956089 

9.956029 


.955909 
.955849 
.955789 
.966729 
.965669 
.955609 
.956548 
.955488 

9.955428 
.956868 
.965307 
.956247 
.966186 
.955126 
.956065 
.956006 
.954944 
.954888 

9.954823 
.954762 
.954701 
.964640 
.964579 
.954518 
.954457 
.954396 


.954274 

9.954213 
.954162 
.964090 
.964029 


.963906 
.958846 
.953788 
.953722 
9.963660 

Sine. 


D.r. 


jo.  r. 


Tang. 


9.668673 


669991 
.670820 
.670649 
.6709r7 
.671306 
.671686 
.^1968 

9.672291 
.672619 
.672947 
.678274 


.674257 
.674584 
.674911 


9.676664 
.676890 


.676643 


.677194 
.677580 
.677846 
.678171 
.678496 

9.678821 
.679140 
.679471 
.679795 
.680120 
.680444 
.680768 


.681416 
.681740 

9.682063 
.682887 
.682710 


.683679 
.684001 
.684824 
.684646 
.684966 

9.685290 
.686612 


.687219 

.687640 

.687861 

9.688182 

Cotang. 


D.r. 


6.48 
6.50 
6.48 
6.50 
6.48 
6.48 
6.47 
6.48 
5.48 
5.47 
5.47 

5.47 
5.47 
6.46 
6.47 
5.46 
5.47 
5.45 
6.46 
6.48 
6.45 

6.43 
6.45 
5.43 
6.43 
6.42 
5.48 
5.48 
6.42 
6.42 
6.42 

6.42 
6.42 
5.40 
5.42 
5.40 
6.40 
5.40 
6.40 
6.40 
6.88 

6.40 
6.88 
5.88 
6.88 
5.88 
5.87 
6.88 
5.87 
5.87 
6.87 

6.87 
5.87 
6.85 
6.87 
6.86 
6.86 
6.86 
6.85 
6.85 

D.r. 


Cotang. 


10.331327 
.880996 


.380009 


10.827709 
.827881 
.827068 


.826071 
.825743 
.825416 
.826069 
.824763 

10.^^1^4486 
.3**110 
.3SJ4';«8 

.!i^1l81 
Jie-iHOe 

.3i>l829 
.3^^304 

10.821179 


.810680 
.819566 
.819282 
.818908 
.818684 
.816260 

10.817987 
.817618 
.817290 
.316967 
.316644 
.816821 
.315999 
.815076 
.815864 
.816082 

10.814710 
.814888 
.814066 
.818745 
.818428 
.313102 
.812781 
.812460 
.812189 

10.311818 

Tang. 


26- 


COSINES,  TANGENTS,  AND  COTANGENTS.       i53« 


*-       Sine.       D.  r.      Cosine.     D.  1'.        Tang.      D.  1'.      Cotang. 


60 


9.641843 
.64S101 


.642618 
.642877 
.643135 


.648660 
.643908 
.641165 
.644423 

9.644680 
.644936 
.645193 
.645450 
.646706 


.646S18 
.646^4 
.646729 
.646864 

9.647240 
.647494 
.647749 
.648004 
.648258 
.648512 
.648766 
.6490^ 
.649274 
.649S27 

9.649781 
.650034 
.650287 


.650792 
.661044 
.651297 
.651549 
.651800 


9.652304 
.652555 


.663057 


.663568 
.663808 
.664059 
.654309 
.664568 

9.654806 
.665058 
.665307 
.665666 
.665805 
.666054 


.656551 

.666799 

9.657047 


'   Cosine.   D.  1'. 


4.82 
4.82 
4.80 
4.82 
4.30 
4.30 
4.28 
4.30 
4.28 
4.30 
4.28 

4.27 
4.28 
4.28 
4.27 
4.27 
4.27 
4.27 
4.25 
4.25 
4,27 

4.23 
4.25 
4.25 
4.23 
4.23 
4.23 
4.23 
4.23 
4.22 
4.23 

4.22 
4.22 
4.20 
4.22 
4.20 
4.22 
4.20 
4.18 
4.20 
4.20 

4.18 
4.18 
4.18 
4.18 
4.17 
4.17 
4.18 
4.17 
4.15 
4.17 

4.17 
4.16 
4.15 
4.15 
4.15 
4.13 
4.15 
4.13 
4.13 


9.953660 
.963599 
.958637 
.953475 
.963413 


953290 


.958166 
.953104 
.953042 

9.952980 
.952918 
.952855 
.952793 
.962731 


.952606 
.952544 


.952419 

9.962356 
.952294 
.952281 
.952168 
.952106 


.951960 
.951917 
.951854 
.951791 

9.951726 
.951665 
.951602 


.951476 
.951412 
.951»19 
.951286 


.961159 

9.951096 
.951032 
.950968 
.950905 
.950641 
.950778 
.950714 
.950650 
.950686 
.950522 

9.950468 


.950202 
.950138 
.950074 
.960010 
.949945 
9.949861 

Sine. 


05 


D.  1'. 


9.686182 


.669143 


.690103 


.690742 
.691062 
.691381 

9.691700 
.692019 


.692975 
.698293 
.693612 


.694566 

9.694863 
.695201 
.695518 


.696153 
.696470 
.696787 
.697103 


.697736 
9.698053 


.699001 


.699947 
.700263 
.700576 
.700693 

9.701206 
.701528 
.701837 
.702152 
.702466 
.702781 
.703095 
.703409 


9.704350 
.704663 
.704976 
.705290 
.705603 
.705916 


.706541 

.706854 
9.707166 

Cotang. 


U0O 


5.33 
5.32 
5.33 
5.33 
5.83 
5.33 
5.33 
5.32 
5.33 
5.32 
5.32 

5.32 
5.32 
5.30 
5.32 
5.30 
6.32 
5.30 
5.30 
5.30 
5.28 

5.30 
5.28 
5.30 
5.28 
5.28 
5.28 
5.27 
5.28 
5.27 
6.28 

5.27 
5.27 
6.27 
5.25 
5.27 
5.25 
5.27 
6.25 
5.25 
6.25 

5.25 
5.23 
5.25 
5.23 
5.25 
5.23 
5.23 
5.22 
5.23 
5.23 

5.22 
5.22 
6.23 
6.22 
5.22 
5.20 
5.22 
5.22 

5.;^ 
D.  r. 


745 


10.811818 
.811498 
.311177 
.810657 
.310587 
.810217 
.309897 
.309577 


.308619 

10.:^' is:  500 

.:Sii;i)62 
.:jur;544 
. 'Jin  1)25 

^'h)-j88 
.^31  Nil  170 
,?^C,r52 

10.305117 
.304799 
.304482 
.304164 
.303847 
.303530 
.303213 
.802897 
.302560 


10.301947 
.301631 
.801815 
.800999 


.300053 
.299737 
.299422 
.299107 

10.298792 

.298477 
.298163 
.297846 
.297534 
.297219 
.296905 
.296691 
.296278 
.295964 

10.296650 

.295337 

.295024 

.294710 

.294397 

.294084 

.293772 

.293459 

.293146   1 
10.292834   0 


Tang. 


63« 


27* 


TABLE  XVIII.—LOGARITHMTC  SINES. 


162* 


37 


40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 
62 
53 
54 
55 
56 
57 
58 


Sine.      D.  1".       Cosine.     D.  1'.        Tang.      D.  1'.       Cotang. 


9.657047 
.657295 
.657542 
.657790 
.658037 


.658531 
.658778 
.659025 
.659271 
.658517 

9.659763 
.660009 


.660501 
.660746 


.661236 
.661481 
.661726 
.661970 

9.662214 


.663190 


.663677 


.664163 
.664406 

9.664648 


.665133 
.665375 
.665617 


.666100 
.666342 


9.667065 
.667305 
.667546 
.667786 
.668027 


.668506 
.668746 


9.669164 


.670181 
.670419 
.670658 
.670896 
.671134 
.671373 
9.671609 

Cosine. 


117» 


4.13 
4.12 
4.13 
4.12 
4.12 
4.12 
4.12 
4.12 
4.10 
4.10 
4.10 

4.10 
4.10 
4.10 
4.06 
4.08 
4.08 
4.08 
4.08 
4.07 
4.07 

4.08 
4.07 
4.05 
4.07 
4.05 
4.07 
4.05 
4.05 
4.05 
4.03 

4.05 
4.03 
4.08 
4.03 
4.03 
4.02 
4.08 
4.02 
4.02 
4.02 

4.00 
4.02 
4.00 
4.02 
4.00 
3.98 
4:00 
4.00 
3.98 
3.98 

8.98 
3.98 
3.96 
3.97 
3.98 
8.97 
3.97 
3.97 
8.95 

D.  r. 


746 


9.949881 
.949816 
.949752 
.949688 


.949558 
.949494 


.949364 
.949800 
.949235 

9.949170 
.949105 
.949040 
.948975 
.948910 
.948845 
.948780 
.948715 
.948650 
.948684 

9.948519 
.948454 


.948257 
.948192 
.948126 
.948060 
.947995 
.947929 

9.947863 
.947797 
.947781 
.947665 
.947600 
.947583 
.947467 
.947401 
.947335 
.947269 

9.947203 
.947136 
.947070 
.947004 


.946871 
.946804 
.946738 
.946671 
.946604 

9.946538 
.946471 
.946404 
.946837 
.946270 


.946136 

.946069 

.946002 

9.945935 

Sine. 


D.  1'. 


9.707166 
.707478 
.707790 
.706102 
.708414 
.708726 
.709087 
.709349 
.709660 
.709971 
.710882 

9.710593 
.710904 
.711215 
.711525 
.711836 
.712146 
.712456 
.712766 
.713076 
.713886 

9.718696 
.714005 
.714814 
.714624 
.714988 
.715242 
.715551 
.715860 
.716168 
.716477 

9.716786 
.717098 
.717401 
.717709 
.718017 
.718825 
.718688 
.718940 
.719248 
.719565 

9.719662 
.720169 
.720476 
.720788 
.721069 
.721896 
.721702 


.722815 


9.722927 


.728538 
.723844 
.724149 
.724454 
.724780 
.725065 
.725370 
9.725674 

Cotang. 


5.20 
5.20 
5.20 
5.20 
5.20 
5.18 
5.20 
6.18 
6.18 
5.18 
6.18 

5.18 
6.18 
5.17 
6.18 
5.17 
6.17 
6.17 
6.17 
5.17 
5.17 

6.15 
5.16 
5.17 
6.16 
6.15 
5.16 
6.15 
6.18 
6.15 
6.13 

5.18 
6.13 
5.13 
5.13 
5.13 
5.18 
5.12 
5.18 
5.12 
6.12 

6.12 
5.12 
5.12 
5.10 
5.12 
6.10 
6.12 
5.10 
5.10 
6.10 

5.06 
5.10 
6.10 
6.06 
5.06 
5.10 
5.06 
5.06 
6.07 

D.  r. 


10.292834 


.291898 
.291586 
.291274 
.290963 
.200661 
.290340 
.290029 
.289718 
10.289407 


.286475 
.286164 
.287864 
.287544 
.287234 
.286924 
.286614 

10.286804 


.286876 
.286067 
.284758 
.284449 
.284140 


10.283215 


.281983 
.281675 
.281867 
.281060 
.280752 
.280445 

10.280188 
.279831 
.279524 
.279217 
.278911 
.278604 
.278296 
.277991 
.277685 
.277879 

10.277078 
.276768 
.276462 
.276156 
.275851 
.275646 
.275240 
.274936 
.274680 

10.274826 

Tang. 


6«» 


d8»         COSINES,  TANGENTS,  AND  COTANGENTS,       i6l* 


Sine. 


0 

9.671609 

1 

.671847 

2 

.672064 

8 

.672321 

4 

.672558 

6 

.672795 

6 

.678032 

7 

.678268 

8 

.678505 

9 

.673741 

10 

.673977 

11 

9.674213 

12 

.674448 

13 

.674684 

14 

.674919 

15 

.675156 

16 

.675890 

17 

.676624 

18 

.675859 

19 

.676094 

20 

.676328 

21 

9.676562 

22 

.676796 

23 

.677030 

24 

.677264 

25 

.677498 

26 

.677731 

27 

.677964 

28 

.678197 

29 

.678430 

30 

.678663 

31 

9.678895 

82 

.679128 

33 

.679360 

34 

.679592 

85 

.679824 

86 

.680056 

37 

.680288 

88 

.680519 

89 

.680750 

40 

.680982 

41 

9.681213 

42 

.681443 

48 

.681674 

44 

.681905 

45 

.682135 

46 

.682366 

47 

.682595 

48 

.682825 

49 

.688056 

50 

.683284 

51 

9.683514 

52 

.683748 

53 

.683972 

54 

.684201 

55 

.684430 

56 

.684658 

57 

.684887 

58 

.685116 

59 

.686348 

60 

9.685571 

Conine. 


D.  r. 


3.97 
8.95 
8.95 
3.95 
3.95 
8.95 
3.93 
8.95 
8.93 
8.93 
8.93 

3.92 
3.93 
3.92 
8.93 
8.92 
8.90 
8.92 
3.92 
3.90 
3.90 

3.90 
8.90 
8.90 
3.90 

8.88 
8.88 
3.88 
3.88 
3.88 
8.87 

3.88 
3.87 
8.87 
8.87 
8.87 
8.87 
8.85 
3.85 
3.87 
8.85 

3.83 
8.86 
8.85 
8.88 
3.83 
3.83 
3.83 
8.83 
3.82 
8.88 

8.82 
8.82 
3.82 
8.82 
8.80 
3.82 
8.80 
8.80 
8.80 

D.  1". 


Cosine. 


9.946935 
.945868 
.946800 
.945783 
.945666 
.945598 
.945531 
.946464 
.945396 
.945328 
.946261 

9.9^193 
.946125 
.945058 
.944990 


.944854 
.944786 
.944718 
.944650 
.944582 

9.944514 
944446 
1944377 
.944309 
.944241 
.944172 
.944104 
.944036 
.948967 


9.943830 
.948761 


.943555 
.943486 
.948417 
.943348 
.943279 
.943210 

9.943141 
.943072 
.943003 
.942934 
.942864 
.942795 
.942726 
.942656 
.942587 
.942517 

9.942448 
.942378 
.942308 
.942239 
.942169 


.942029 
.941959 


9.941819 
Sine. 


D.r, 


13 
12 
12 
13 
12 
,12 
,18 
18 
,12 
,18 

,13 
.12 
13 
13 
,13 
,13 
,13 
,13 
,13 
.18 

.13 
.15 
,18 
,18 
,15 
.18 
,13 
,15 
,13 
,15 

.15 
.18 
.15 
,15 
,15 
,15 
.15 
.15 
.15 
,15 

.15 
,15 
,15 
.17 
15 
,15 
,17 
,15 
.17 
,15 

,17 
,17 
15 
,17 
,17 
,17 
,17 
.17 
.17 

D.  r. 


Tang. 


9.725674 
.726979 


.726588 


.727197 
.787501 
.727805 
.728109 
.728412 
.728716 

9.729020 


.780233 
.780535 


.781141 
.781444 
.781746 

9.:o^)48 

.7r^-:i51 
.:;^JJi53 
.:  .^55 

.   67 

..■■:-.68 


.784764 

9.785066 
.785867 
.785668 
.735969 


.736570 
.736870 
.737171 
.737471 
.737771 

9.738071 
.788871 
.788671 
.738971 
.739271 
.739570 
.739870 
.740169 
.740468 
.740767 

9.741066 
.741365 
.741664 
.741962 
.742261 
.742559 
.742858 
.743156 
.743454 

9.743752 

Cotang. 


D.l'. 


118* 


5.08 
5.08 
6.07 
5.07 
5.05 
5.07 
6.07 
5.07 
5.05 
6.07 
5.07 

5.05 
5.05 
5.06 
5.07 
5.03 
5.05 
6.05 
6.05 
5.03 
6.08 

5.05 
5.03 
5.03 
5.03 
5.02 
5.03 
5.03 
5.02 
5.02 
5.03 

5.02 
5.02 
5.02 
6.00 
5.02 
6.00 
5.02 
5.00 
5.00 
5.00 

5.00 
5.00 
5.00 
5.00 
4.98 
6.00 
4.98 
4.98 
4.98 
4.98 

4.98 
4.98 
4.97 
4.98 
4.97 
4.98 
4.97 
4.97 
4.97 

D.l". 


747 


Cotang. 


10.274326 
.274021 
.273716 
.278412 
.273108 
.272803 
.272499 
.272195 
.271891 
.271588 
.271284 

10.270980 

.270677 
.270374 
.270071 
.269767 


.268556 
.268254 

10.267952 
.267649 
.267347 
.267045 
.266743 
.266442 
.266140 
.265838 
.265537 
.265236 

10.264934 


.264031 
.263731 
.263430 
.263130 
.262829 
.262529 
.262229 

10.261929 
.261629 
.261329 
.261029 
.260729 
.260430 
.260130 
.259831 
.259532 
.259233 

10.258934 


.257739 
.257441 
.257142 
.256844 
.256546 
10.256248 

Tang. 


61» 


29« 


TABLE  XVIII.— LOGARITHMIC  SINES. 


150» 


24 


Sine.. 


9.685571 
.685799 
.686027 
.686254 


.686709 


.687616 
.687848 

9.668069 


.688521 
.688747 


.689648 
.689873 


9.690323 
.690548 
.690772 


.691220 
.691444 


.691892 
.692115 


9.692562 


.693453 
.693676 


9.694786 
.695007 


.695450 
.695671 


.696113 


.6965M 
.696775 

9.696995 
.697215 
.697435 
.697654 
.697874 


.698751 


Oosine. 


D.l', 


119« 


8.80 
8.80 
3.78 
3.80 
3.78 
3.78 
3.78 
3.77 
3.78 
3.78 
3.77 

3.77 
3.77 
3.77 
3.75 
8.77 
8.75 
3.75 
8.75 
8.75 
3.75 

8.75 
8.78 
8.73 
8.78 
3.78 
8.78 
8.73 
3.72 
3.78 
8.72 

8.72 
8.72 
8.72 
,  3.70 
3.72 
8.70 
3.70 
8.70 
3  70 
3.70 

3.68 
3  70 
8.68 
8.68 
8.68 
3.68 
3.68 
3.67 
8.68 
3.67 

8.67 
8.67 
8.65 
3.67 
8.67 
8.65 
8.65 
8.65 
8.65 


748 


Oosine. 


9.941819 
.941749 
.941679 
.941609 
.941689 
.941469 
.941898 
.941828 
.941268 
.941187 
.941117 

9.941046 
.940975 
.940905 
.940884 
.940763 


.940551 
.940180 
.940409 

9.940888 
.940267 
.940196 
.940125 
.940054 


.989911 


.989697 
9.989625 
.989554 
.939482 
.989410 


.989195 


9.988908 


.988763 


.988619 
.988647 
.988475 
.938402 


9.988185 
.988118 
.988040 
.937967 
.937895 


.987:49 

.987676 

.937604 

9.987581 

Sine. 


D.  r. 


1.17 
1.17 
1.17 
1.17 
1.17 
1.18 
1.17 
1.17 
1.18 
1.17 
1.18 

1.18 
1.17 
1.18 
1.18 
1.17 
1.18 
1.18 
1.18 
1.18 
1.18 

1.18 
1.18 
1.18 
1.18 
1.20 
1.18 
1.18 
1.20 
1.18 
1.20 

1.18 
1.20 
1  20 
1.18 
1.20 
1.20 
1.20 
1.18 
1.20 
1.20 

1.20 
1.22 
1.20 
1.20 
1.20 
1.20 
1.22 
1.20 
1.20 
1.22 

1.20 
1.22 
1.22 
1.20 
1.22 
1.22 
1.22 
1.20 
1.28 


D.  r. 


Tang. 


9.748758 
.744060 
.744848 
.744646 
.744943 
.745240 
.745588 
.74^886 
.74A1S2 
.746429 
.746726 

9.747028 
.747819 
.747616 
.747913 
.748209 
.748605 
.748801 
.749097 
.749393 
.749689 

9.749985 
.760281 
.760676 
.760872 
.761167 
.751462 
.761757 
.752052 
.752847 
.752642 

9.752987 
.758281 
.758526 
.758820 
.754115 
.754409 
.754703 
.754997 
.756291 

*. 765685 

9.755878 
.756172 
.756465 
.756769 
.757052 
.767845 
.757688 
.757931 
.758224 
.758517 

9.758810 
.769102 
.769395 
.759687 
.759979 
.760272 
.7606&1 
.760666 
.761148 

9.761489 

Cotang. 


D.r. 


4.97 
4.97 
4.95 
4.97 
4.95 
4.97 
4.95 
4.95 
4.95 
4.95 
4.95 

4.98 
4.95 
4.95 
4.98 
4.98 
4.93 
4.93 
4.93 
4.93 
4.93 

4.93 
4.92 
4.93 
4.92 
4.92 
4.92 
4.92 
4.92 
4.92 
4.92 

4.90 
4.92 
4.90 
4.92 
4.90 
4.90 
4.90 
4.90 
4.90 
4.88 

4.90 
4.88 
4.90 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 
4.88 

4.87 
4.88 
4.87 
4.87 
4.88 
4.87 
4.87 
4.87 
4.86 

D.r. 


Cotang. 


10.250948 
.256960 
.255662 
.256865 
.265057 
.254760 
.254462 
.254165 
.259868 
.258671 
.258274 

10.252977 


.262087 

.251791 

.251495     44 

.251199 

.250903 

.260607 

.260811 

10.250016  39 
.249719  88 
.249424     87 

.248588 
.248243 
,247948 
.247653 
,247858 

10.217068 
.246769  <  28 
.246474  27 
.246180 
.246885 
.246691 
.246297 
.246003 
.244709 
.244415 

10.244122 


.248241 
.242918 
.242665 


.241776 
.241483 

10.241190 
.240698 
.240605 
.240813 
.240021 


.289144 

.288862 

10.288661 

Tang. 


80» 


COSINES,  TANGENTS,  AND  COTANGENTS.       149* 


Sine. 


9.006070 
.690189 
.699407 


.699644 


.700880 
.700498 
.700716 
.700933 
.701151 

9.701868 
.701685 
.701802 
.708019 
.708886 
.708452 


.708885 
.703101 
.703317 

9.703533 
.703749 
.703964 
.704179 
.704395 
.704610 
.704885 
.705040 
.706854 
.705469 

9.705683 
.705898 
.706112 
.706386 
.706639 
.706753 
.706967 
.707180 
.707893 
.707606 

9.7W819 
.708038 


.706458 
.708670 


.709094 
.709306 
.709518 
.709730 

9.709941 
.710153 
.710864 
.710575 
.710786 
.710997 
.711806 
.711419 
.71ieS9 

9.711889 

Cosiiie. 


D.l\ 


8.65 
3.63 
3.65 
3.63 
8.63 
8.63 
3.63 


3.63 
3.62 

3.62 
3.62 
3.68 
8.68 
3.60 
3.68 
3.60 
3.60 
8.60 
8.60 

8.60 
8.58 
8.58 
3.60 
3.58 
3.58 
3.58 
8.67 
8.58 
8.67 

8.68 
8.57 
8.57 
8.56 
3.57 
3.57 
8.66 
3-65 
3.55 
3.65 

3.55 
8.55 
3.66 
8.63 
8.58 
3.58 
3.63 
3.63 
8.68 
8.68 

8.53 
3.58 
3.68 
3.52 
3.52 
3.62 
8.58 
3.60 
3.60 

D.  1'. 


Cosine. 


9.987581 
.937458 
.937385 
.937818 


.937165 
.937098 
.937019 


.936799 
9.936785 


.936678 
.936605 
.986481 
.936357 


.936810 
.936186 


9.935988 
.935914 
.986840 
.986766 


.935618 
.936543 


9.985846 
.935171 
.935097 


.984948 
.984873 
.984798 
.984723 
.984649 
.934574 

9.934499 
.934484 
.934849 
.984874 
.934199 
.934123 
.984048 
.983973 


9.933747 
.983671 


933445 


.988817 

.983141 

9.933066 

Sine. 


D.l'. 


D.V. 


Tang. 


9.761439 
.761731 


.768814 
.768606 
.768897 
.763188 
.768479 
.768770 
.764061 
.764352 

9.764648 
.764983 


.766514 
.766805 
.766095 


.766675 
.766965 
.767255 

9.767545 
.767884 
.768184 
.768414 
.768708 
.768998 
.769881 
.769571 
.769660 
.770148 

9.7;i>t37 

.:  71.1:186 

.?V]()15 

.riiHSo 
sr^m 

.77^467 
.77'JV45 
.T;::Si>33 

9.778381 

.773608 
.773896 
.774184 
.774471 
.774759 
.775046 
.775333 
.775621 
.775906 

9.776195 

.776482 
.776768 
.777055 
,777842 
.777628 
.777915 
.778801 
.778488 
9.778774 

CotaJig. 


D.  r. 


lao* 


4.87 
4.87 
4.85 
4.87 
4.85 
4.85 
4.85 
4.85 
4.85 
4.85 
4.85 

4.88 

4.85 
4.83 
4.86 
4.83 
4.83 
4.83 
4.83 
4.83 
4.83 

4.82 
4.83 
4.83 
4.82 
4.88 
4.82 
4.83 
4.82 
4.80 
4.82 

4.82 
4.82 
4.80 
4.81^ 
4.80 
4.80 
4.82 
4.80 
4.80 
4.80 

4.78 
4.80 
4.80 
4.78 
4.80 
4.78 
4.78 
4.80 
4.78 
4.78 

4.78 
4.77 
4.78 
4.78 
4.77 
4.78 
4.77 
4.78 
4.77 

D,  1'. 


749 


Ootang. 


10.838561 
.888869 

.837977 
.887686 
.287394 
,237103 
.836812 


10.835357 
.835067 
.234776 
.234486 
.234195 
.283905 


.232745 

10.232455 
.232166 
.831876 
,881586 
.831897 
.831008 
,280719 
.280429 
.230140 
.889852 

10.229563 


.288408 


.227543 
.227255 


10.226679 
.226392 
.886104 


.224667 
.224379 


10.223805 
,223518 


.221799 

.221512 

10.221226 

Tang. 


99* 


81« 
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Sine.       D.  1'.      Cosine.     D.  1'.       Tang.       D.  1'.      Cotang. 


9.711889 
.712050 
.712260 
.712469 
.712679 
.712889 
.713098 
.713808 
.713517 
.718726 
.718935 

9.714144 
.714352 
.714561 
.714769 
.714978 
.715186 
.715394 
.715602 
.715809 
.716017 

9.716224 
.716432 
.716639 
.716846 
.717053 
.717259 
.717466 
.717678 
.717879 
.718085 

9.718291 
.718497 
.718703 
.718909 
.719114 
.719320 
.719525 
.719730 
.719935 
.720140 

9.730846 
.720549 
.720754 
.720958 
.721162 
.721366 
.721570 
.721774 
.721978 
.722181 

9.722385 
.722588 
.722791 


.723197 
.728400 


.723805 

.724007 

9.724210 

Ck)8ine. 


12^ 


3.52 
8.50 
8.48 
3.50 
3.50 
3.48 
3.50 
3.48 
3.48 
8.48 
8.48 

3.47 
3.48 
3.47 
3.48 
3.47 
8.47 
3.47 
3.45 
8.47 
8.45 

8.47 
3.45 
8.45 
8.45 
8.48 
3.45 
3.46 
8.48 
8.48 
8.48 

3.48 
3.48 
8.48 
3.42 
3.43 
3.42 
3.42 
3.42 
3.42 
3.42 

3.40 
3.42 
3.40 
8.40 
3.40 
3.40 
8.40 
8.40 
8.88 
8.40 

8.88 
8.88 
8.38 
3.38 
8.38 
8.38 
8.37 
3.37 
8.38 

D.  r. 


750 


9.988066 


.982467 


.982151 
.982075 
.981998 
.981921 
.981846 
.981768 
.931691 
.981614 
.981537 

9.931460 
.931383 
.981306 
.981229 
.931152 
.981075 
.930998 
.930921 
.930643 
.980766 

9.980688 
.980611 


.980466 
.980378 
.980800 


.930145 
.930067 


9.929911 


.929755 
.929677 


.929521 


.929207 

9.929129 
.929050 
.928972 


.928816 


9.928420 
Sine. 


27 


30 


32 


D.  1'. 


9.778774 
.779060 
.779846 
.779632 
.779918 


.780489 
.780r76 
.781060 
.781846 
.781681 

9.781916 
.782201 


.782771 
.788056 
.788841 


.788910- 
.784196 
.784479 

9.784764 
.786048 


.785616 
.786900 
.786184 
.786468 
.786762 
.787086 
.787819 

9.787608 
.787886 
.788170 
.788458 
.788786 
.789019 


.789686 

[790161 

9.790484 
.790716 
.790999 
.791281 
.791668 
.791846 
.792128 
.792410 


.792974 
9.798256 


.798819 
.794101 
.794883 
.794664 
.794946 
.796227 
.796606 
9.795789 

Cotang. 


4.77 
4.77 
4.77 
4.77 
4.75 
4.77 
4.77 
4.76 
4.77 
4.76 
4.76 

4.75 
4.75 
4.76 
4.76 
4.76 
4.75 
4.78 
4.75 
4.78 
4.75 

4.78 
4.73 
4.73 
4.78 
4.78 
4.78 
4.78 
4.78 
4.72 
4.78 

4.72 
4.78 
4.72 
4.72 
4.72 
4.72 
4.72 
4.72 
4.72 
4.72 

4.70 

4.72 
4.70 
4.70 
4.72 
4.70 
4.70 
4.70 
4.70 
4.70 

4.70 

4.68 
4.70 
4.70 
4.68 
4.70 
4.68 
4.68 
4.68 

D.  r. 


10.221226 
.220940 
.220654 


.219797 
.219611 
.219225 
.218940 
.218664 
.218369 

10.218084 
.217799 
.217514 
.217229 
.216944 
.216669 
.216374 
.216090 
.215806 
.216621 


10.2 


.214668 
.214384 
.214100 
.213816 


.212964 

.212681 

10^M-:]97 

.-11.^47 
A^1]J64 
.^lO^ei 
l'Ji:kj98 

.iiJi.1415 
,i:n..ii32 
.:.^)iiH49 

10.209666 
.209284 
.209001 
.208719 
.206487 
.206164 
.207872 
.207590 
.207308 
.207026 

1(  -.  ?44 
.■^^it62 
■.NHU81 

.LVjriH99 
.^.i:i(U7 
.^i?.?J36 
A'<r-)64 

10  ^HW-ll 
Tang. 


w 


yno        COSINES,  TANGENTS,  AND  COTANGENTS.       14V» 


9.724210 

.724413 
.724614 
.724816 
.725017 


.725420 


,726024 


9.726426 


.727027 
.727228 

.727428 
.727628 
.727828 
.728027 
.728227 

9.728427 
.728626 


.729024 


.729621 
.729820 
.730018 
.730217 

9,730415 
.730613 
.780811 
.781009 
.731206 
.731404 
.781602 
.731799 
.731996 
.732193 

9.732390 
.732587 
.782784 
.732980 
.733177 
.733373 


.733765 
.733961 
.734157 

9.734353 
.734549 
.734744 


.735135 
.735330 
.735525 
.735719 
.735914 
9.736109 

Cosine. 


3.37 
3.37 
8.87 
8.85 
8.37 
3.35 
3.87 
3.35 
3.35 
3.85 
3.35 

8.33 
8.35 
8.83 
3.35 
3.33 
3.33 
3.83 
8.82 
8.38 
8.83 

3.32 
3.32 
8.82 
8.82 
8.32 
8.32 
3.82 
8.30 
3.32 
3.30 

8.80 
3.30 
3.30 
3.28 
3.30 
3.30 
3.28 
3.28 
8.28 
3.28 

3.28 
3.28 
8.27 
3.28 
3.27 
8.27 
8.27 
8.27 
8.27 
8.27 

3.27 
3.25 
3.25 
8.27 
8.25 
8.25 
3.23 
3.26 
3.25 

D.  r. 


Cosine. 

D. 

1'. 

9.928420 

^  on 

.928842 

82 
33 
32 
32 
82 
82 
83 
82 
32 
88 

.928263 

.938183 

.928104 

.928025 

.927946 

.927867 

.927787 

.927708 

.927629 

9.927549 

82 
33 
33 
32 
33 
38 
83 
83 
38 
88 

.927470 

.927390 

.927810 
.92'/231 

.927151 

.9270ri 

.926991 
.926911 
.926831 

9.926751 

33 
38 
33 
33 
38 
35 
38 
33 
35 
33 

.926671 

.926591 
.926511 

.926481 
.926851 
.926270 

.926190 

.926110 

.926029 

9.925949 

85 
83 
35 
35 
85 
83 
35 
35 
35 
35 

.925868 

.925788 

.925707 

.925626 

.925545 

.925465 

.925384 

.925303 

.925222 

9.925141 

35 
35 
37 
35 
35 
35 
37 
35 
87 
85 

.925060 

.924979 

.924897 

.924816 

.924735 

.9246M 

.924572 
.924491 
.924409 

9.924328 
.924246 

l.UI 

37 
37 
35 
87 
37 
37 
37 
37 

Off 

.924164 

.924083 
.924001 

.923919 

.928887 

.923755 

.923673 

9.923591 

Sine. 

D. 

r.  1 

9.795789 
.796070 
.796851 
.796632 
.796918 
.797194 
.797474 
.797755 
.798086 
.798316 
.798596 

9.798877 
.799157 
.799437 
.799717 
.799997 
.800277 
.800557 
.800836 
.801116 
.801396 

9.801675 
.801955 


.802513 


.803072 
.803851 


.804187 

9.804466 
.804745 
.805023 
.805302 
.805580 


.806137 
.806415 


.806971 

9.807249 
.807527 
.807805 
.808083 
.808361 


.809193 
.809471 
.809748 

9.810025 
.810302 
.810580 
.810a57 
.811134 
.811410 
.811687 
.811964 
.812241 

9.812517 

Cotang. 


122* 


4.68 
4.68 
4.68 
4.68 
4.68 
4.67 
4.68 
4.68 
4.67 
4.67 
4.68 

4.67 
4.67 
4.67 
4.67 
4.67 
4.67 
4.65 
4.67 
4.67 
4.65 

4.67 
4.65 
4.65 
4.65 
4.67 
4.65 
4.65 
4.65 
4.68 
4.65 

4.65 
4.63 
4  65 
4.68 
4.65 
4  63 
4.63 
4.63 
4.63 
4.68 

4.63 
4.68 
4.63 
4.63 
4.62 
4.68 
4.62 
4.63 
4.62 
4.62 

4.62 
4.63 
4.62 
4.62 
4.60 
4.62 
4.62 
4.62 
4.60 

D.  r. 


751 


10.204211  60 
.203930 
.203649 
.203368 
.203087 


.202245 
.201964 
.201684 
.201404 

10.201123 
.200843 
.200568 
.200283 
.200003 
.199723 
.199443 
.199164 
.198884 
.198604 

10.198325 
■  .198045 
.197766 
.197487 
.197208 
.196928 
.196649 
.196370 
.196091 
.195818 

10.195534 
.195255 
.194977 
.194698 
.194420 
.194141 
.193863 
.193585 
.193307 
.193029 

10.192751 
.192473 
.192195 
.191917 
.191639 
.191362 
.191084 
.190807 
.190529 
.190252 

10.189975 
.189698 
.189420 
.189143 


.188313 

.188036 

.187759 

10.187483 

Tang. 


67- 


S5* 
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146* 


27 


80 


Sine.       T>.  1*.      Cosine, 


9.786109 
.736303 
.786498 
.736692 
.736886 
.737060 
.737274 
.737467 
.787661 
.737855 
.738048 

9.738241 
.788484 
.738627 
.738820 
.739013 


.789590 
.739783 
.789975 

9.740167 
.740359 
.740550 
.740742 
.740934 
.741125 
.741316 
.741508 
.741699 
.741889 

9.742080 
.742271 


.742652 
.742842 
.743033 
.743223 
.743413 
.748602 
.748792 

9.748982 
.744171 
.744861 
.744550 
.744789 
.744928 
.745117 
.745306 
.748494 
.745683 

9.745871 
.746060 
.746248 
.746436 
.746624 
.746812 
.746999 
.747187 
.747374 

9.747562 


3.23 
3.25 
3.23 
3.23 
8.23 
8.23 
3.22 
3.28 
3.23 
8.22 
8.22 

8.22 
3.22 
8.22 
8.22 
8.22 
3.20 
8.20 
3.22 
3.20 
3.20 

8.20 
8.18 
3.20 
3.20 
3.18 
8.18 
3.20 
8.18 
8.17 
8.18 

8.18 
8.18 
8.17 
8.17 
8.18 
3.17 
3.17 
3.16 
3.17 
3.17 

3.16 
3.17 
3.16 
8.16 
8.16 
8.15 
8.15 
8.18 
8.16 
8.18 

8.15 
8.13 
8.18 
8.13 
8.13 
3.12 
8.18 
3.12 
8.18 


128« 


Cosine.     D.  1'. 


762 


9.928591 
.928509 


.928845 
.923263 
.928181 


.922768 
9.922686 


.921940 

9.921857 
.921774 
.921691 
.921607 
.921624 
.921441 
.921857 
.921274 
.921190 
.921107 

9.921023 


.920656 
.920772 


9.920184 


.920015 
.919931 
.919646 
.919762 
.919677 
.919598 
.919508 
.919424 

9.919839 
.919254 
.919169 
.919065 
.919000 
.918915 
.918830 
.918745 
.918659 

9.918574 


Sine. 


D.r 


1.37 
1.87 
1.87 
1.87 
1.37 
1.38 
1.37 
1.38 
1.37 
1.38 
1.37 

1.88 
1.38 
1.37 
1.38 
1.38 
1.88 
1.38 
1.38 
1.38 
1.38 

1.38 
1.88 
1.40 
1.88 
1.38 
1.40 
1.88 
1.40 
1.88 
1.40 

1.40 
1.38 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

1.42 
1.40 
1.40 
1.42 
1.40 
1.48 
1.40 
1.42 
1.40 
1.42 

1.42 
1.42 
1.40 
1.42 
1.42 
1.42 
1.42 
1.43 
1.42 


D.  r. 


Tang. 


9.812517 
.812794 
.818070 
.818847 


.818899 
.814176 
.814452 
.814728 
.815004 


9.816555 
.815881 
.816107 


.816658 
.816983 
.817209 
.817484 
.817759 
.818085 

9.818810 
.818585 
.818860 
.819135 
.819410 
.819684 
.819969 


9.821057 
.821882 
.821606 
.821880 


.822977 


.824072 
.824345 
.824619 
.824898 
.826166 
.826489 
.825718 


9.826632 


.827078 
.827861 
.837624 
.827897 


.828715 
9.898967 


D.  r. 


4.62 
4.60 
4.62 
4.60 
4.60 
4.62 
4.60 
4.60 
4.60 
4.60 
4.58 

4.60 
4.60 
4.58 
4.60 
4.58 
4.60 
4.58 
4.58 
4.60 
4.58 

4.68 
4.58 
4.58 
4.58 
4.57 
4.58 
4.58 
4.57 
4.58 
4.57 

4.58 
4.57 
4.57 
4.57 
4.58 
4.57 
4.57 
4.57 
4.56 
4.67 

4.57 
4.56 
4.57 
4.57 
4.55 
4.56 
4.57 
4.56 
4.56 
4.65 

4.56 
4.56 
4.56 
4.56 
4.56 
4.56 
4.58 
4.56 
4.58 


Cotang. 


Cotang.     D.  1*.       Tang. 


10.187488 
.187206 
.186080 
.186658 
.1868rr 
.186101 
.185824 
.185548 
.185272 
.184996 
.181720 

10.184445 
.184169 
.188893 
.188618 
.183^2 
.183067 
.182791 
.182516 
.182241 
.181965 

10.181690 
.181415 
.181140 
.180665 
.180590 
.180816 
.180041 
.179766 
.179492 
.179217 

10.178943 
.178668 
.178394 
.178120 
.177846 
.177571 
.1775«97 
.177028 
.176749 
.176476 

10.178202 
.175928 
.175656 
.176881 
.175107 
.174884 
.174561 
.174287 
.174014 
.178741 

10.17S468 
.178195 
.17^922 
.172649 
.17S876 
.172108 

.insao 

.171658 

.171286 

10.171018 


4W 
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Sine.       D.r.       Ctosine.      D.  1'.        Tang.       D.  1".      Cotang. 


9  747563 

.747749 
.747936 
.748128 
.748310 
.748497 
.748683 
.748870 
.749056 
.749043 
.749429 

9.7496ia 
.749601 
.749987 
.750172 
.750858 
.750643 
.750729 
.750914 
.751099 
.751284 

9.751469 
.751654 
.751839 
.752028 
.752208 


.752576 
.752760 
.752944 
.758128 

9.753812 
.753495 
.758679 


.754046 
.754229 
.754412 
.754695 
.764778 
.754960 

9.755143 
.755826 

.755506 
.755690 
.755872 
.766054 
.766236 
.756418 
.756600 
.756782 

9.756968 
.757144 
.757826 
.757507 
.757688 
.757869 
.768050 
.758280 
.768411 

9.766691 


'     Cosine. 


8.13 
8.12 
8.12 
8.12 
8.12 
8.10 
8.12 
8.10 
8.12 
8.10 
8.10 

8.10 
8.10 
8.08 
8.10 
8.06 
8.10 
8.06 
8.08 
8.08 
8.08 

8.06 
8.08 
8.07 
8.06 
8.07 
8.07 
8.07 
8.07 
8.07 
8.W 

8.05 
8.07 
8.07 
8.07 
8.05 
8.05 
8.05 
8.05 
8.03 
8.06 

8.05 
8.03 
8.03 
8.08 
8.03 
8.03 
3.03 
8.03 
8.03 
8.02 

8.02 
803 
8.02 
3.02 
8.02 
8.02 
8.00 
8.02 
8.00 

D.r. 


9.918574 
.918489 
.918404 
.918318 


.918147 
.918062 
.917976 
.917891 
.917805 
.917719 

9.917684 
.917548 
.917462 
.917876 
.917290 
.917204 
.917118 
.917082 
.916946 


9.916778 
.916687 
.916600 
.916514 
.916427 
.916341 
.916254 
.916167 
.916061 
.915994 

9.915907 


.915783 
.915646 
.915559 
.915472 
.915885 
.915297 
.915210 
.915128 

9.915035 
.914948 
.914860 
.914773 
.914685 
.914598 
.914510 
.914422 
.914834 


9.914158 
.914070 
.913982 
.913894 
.913806 
.913718 
.913630 
913541 
.913453 

9.913865 

Sine. 


1.42 
1.42 
1.48 
t.42 
1.43 
1.42 
1.43 
1.42 
1.48 
1.48 
1.42 

1.48 
1.48 
1.48 
1.43 
1.43 
1.43 
1.43 
1.43 
1.45 
1.48 

1.43 
1.45 
1.43 
1.45 
1.43 
1.45 
1.45 
1.43 
1.45 
1.45 

1.45 
1.45 
1.45 
1.45 
1.45 
1.45 
1.47 
1.46 
1.45 
1.47 

1.45 
1.47 
1.45 
1.47 
1.45 
1.47 
1.47 
1.47 
1.47 
1.47 

1.47 
1.47 
1.47 
1.47 
1.47 
1.47 
1.48 
1.47 
1.47 

D.  1'. 


9.828987 


.880077 
.880349 
.830621 


.881165 
.881487 
.881709 

9.881981 


.882796 


.888611 


.884154 
.884425 

9.834696 
.884967 


.885509 
.835780 


.837134 

9.837405 
.837675 
.837946 
.838216 
.838187 
.838757 


9.840106 
.840878 
.840648 
.U0917 
.841187 
.841467 
.841727 
.841996 


.842535 

9.842805 
.848074 


.843612 


.844151 
.844420 


.844958 
9.845227 

Cotang. 


lar 


4.55 
4.58 
4.55 
4.58 
4.68 
4.53 
4.58 
4.53 
4.58 
4.58 
4.58 

4.53 
4.53 
4.62 
4.58 
4.52 
4.58 
4.52 
4.53 
4.52 
4.52 

4.52 
4.52 
4.62 
4.62 
4«62 
4.52 
4.52 
4.52 
4.60 
4.62 

4.50 
4.52 
4.50 
4.52 
4.50 
4.50 
4.50 
4.52 
4.50 
4.50 

4.50 
4.50 
4.48 
4.50 
4.50 
4.50 
4.48 
4.50 
4.48 
4.60 

4.48 
4.48 
4.48 
4.60 
4.48 
4.48 
4.48 
4.48 
4.48 

D.r. 


763 


10.171018 
.170740 
.170468 
.170195 
.169923 
.169651 
.169379 
.169107 
.168835 
.168663 
.168291 

10.168019 
.167747 
.167475 
.167204 
.166932 
.166661 
.166389 
.166118 
.165846 
.166575 

10.165304 
.165033 
.164762 
.164491 
.164220 
.163949 
.163678 
.168407 
.163136 
.162866 

10.162595 
.162325 
.162054 
.161784 
.161513 
.161243 
.160978 
.160703 
.160432 
.160162 

10.159892 
.159622 
.159358 
.159083 

'  .158813 
.158543 
.168273 
.158004 
.157734 
.167465 

10.157195 
166«26 
.156657 
.156388 
.156118 
.155849 
.165680 
.165811 
.156042 

10.154778 

Tang. 


6ft» 
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TABI.E  XVIIL— LOGARITHMIC  SINES, 


144. 


Sine. 


9.758591 
.758772 
.758952 
.750132 
.759312 
.759492 
.759672 
.759852 
.760031 
.760211 


9.760569 
.760748 
.760927 
.761106 
.761285 
.761464 
.761642 
.761821 
.761999 
.76217r 

9.762356 


.762712 


.763067 
.763245 
.763422 
.763600 
.763777 
.763954 

9.764131 
.764308 
.764485 
.764662 


.765015 
.765191 
.765367 
.765544 
.765720 

9.765896 
.766072 
.766247 
.766423 


.766774 
.766949 
.767124 
.767300 
.767475 

9.767649 
.767824 
.767999 
.768173 
.768318 


.768871 

.769045 

9.769219 

Cosine. 


D.  1". 


125* 


3.02 
3.00 
3.00 
8.00 
8.00 
3.00 
8.00 
2.98 
3.00 
2.98 
2.98 

2.98 
2.98 
2.98 
2.98 
2.98^ 
2.97 
2.98 
2.97 
2.97 
2.98 

2.97 
2.97 
2.95 
2.97 
2.97 
2.95 
2.97 
2.95 
2.95 
2.95 

2.95 
2.95 
2.95 
2.93 
2.95 
2.93 
2.93 
2.95 
2.93 


2.93 
2.92 


2.90 


2.90 
2.92 
2.90 
2.92 
2.90 
2.90 
2.90 


D.  1". 


764 


Cosine. 


9.913365 
.913276 
.913187 
.913099 
.913010 


.912744 
.912655 
.912566 
.912477 

9.912388 
.912299 
.912210 
.912121 
.912031 
.911942 
.911853 
.911763 
.911674 
.911584 

0.911495 
.911405 
.911315 
.911226 
.911136 
.911046 
.910956 
.910866 
.910776 
.910686 

9.910596 
.910506 
.910415 
.910325 
.910285 
.910144 
.910054 


.909878 
.909782 

9.909691 


.909510 
.909419 


.909237 
.909146 
.909055 
.908964 
.906873 

9.908781 


.908507 
.90^16 
.908324 


.908141 

.908049 

9.907958 

i      Sine. 


D.  1'. 


1.48 
1.48 
1.47 
1.48 
1.47 
1.48 
1.48 
1.48 
1.48 
1.48 
1.48 

1.43 
1.48 
1.48 
1.50 
1.48 
1.48 
1.50 
1.48 
1.50 
1.48 

1.50 
1.50 
1.48 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 
1.50 

1.50 
1.52 
1.50 
1.50 
1.52 
1.50 
1.52 
1.50 
1.52 
1.52 

1.50 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.52 
1.53 

1.52 
1.58 
1.58 
1.52 
1.53 
1.52 
1.53 
1.53 
1.52 

D.  r. 


Tang. 


0.845227 
.845496 
.845764 


.846570 


.847108 
.847376 
.847644 
.847913 

9.848181 
.848149 
.848717 


.849254 


.849790 
.850057 
.850325 
.850593 

9.850861 
.851129 
.851396 
.851664 
.851931 
.852199 


.852783 
.853001 


9.858535 
.853802 
.854069 


.854608 
.854870 
.855187 
.855404 
.865671 
.855938 

9.856204 
.856471 
.856787 
.857004 
.857270 
.857587 
.857808 


.859134 
.859400 


.860198 


.860730 

.860995 

9.861261 

Cotang. 


D.  r. 


4.48 
4.47 
4.48 
4.48 
4.47 
4.48 
4.48 
4.47 
4.47 
4.48 
4.47 

4.47 
4.47 
4.48 
4.47 
4.47 
4.47 
4.45 
4.47 
4.47 
4.47 

4.47 
4.45 
4.47 
4.45 
4.47 
4.45 
4.45 
4.47 
4.45 
4.45 

4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.45 
4.43 

4.45 
4.43 
4.45 
4.43 
4.45 
4.43 
4.48 
4.45 
4.48 
4.48 

4.43 
4.43 
4.43 
4.43 
4.43 
4.43 
4.43 
4.42 
4.43 

D.  r. 


Cotang. 


10.154773 
.154504 
.154236 
.153967 
.153698 
.153480 
.153161 
.152892 
.152624 
.152856 
.152087 

10.151819 
.151551 
.151283 
.151014 
.150746 
.150478 
.150210 
.149948 
.149675 
.149407 

10.149189 
.1488n 
.148604 
.148836 
.148069 
.147801 
.147534 
.147267 
.146999 
.146732 

10.146465 
.146198 
.145931 
.145664 
.145397 
.145130 
.144863 
.144596 
.144329 
.144062 

10.143796 
.148529 
.143268 
.142996 
.142780 
.142468 
.142197 
.141931 
.141664 
.141398 

10.141132 
.140666 
.140600 
.140834 
.140068 
.139802 
.139586 
.189270 
.139005 

10.138789 

Tang. 


M« 
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COSINES,  TANGENTS,  AND  COTANGENTS.        i43» 


Sine.       D.  1'.      Cosine.     D.  1'.        Tang.      D.  1'.      Cotang. 


9.769219 


.769566 
.769740 
.769918 
.770087 
.770860 
.770483 
.770606 
.770779 
.770952 

9.771125 
.771298 

.rn470 

.771648 
.771815 
.771987 
.775159 
.772881 
.77«508 
.772675 

9.772847 
.778018 
.778190 
.773861 
.773588 
.778704 
.773875 
.774046 
.774217 
.774888 

9.774558 
.774729 
.774899 
.775070 
.775240 
.775410 
.775580 
.775750 
.775920 
.776090 

9.776259. 
.776429 
.776598 
.776768 
.776937 
.777106 
.777275 
.777444 
.777618 
.777781 

9.777950 
.778119 


.778456 
.778624 
.778792 
.778960 
.779128 
.779295 
9.7T9463 

Cosine. 


2.90 
2.88 
2.90 


2.90 
2.88 


2.88 
2.88 

2.88 
2.87 
2.88 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 
2.87 

2.85 
2.87 
2.85 
2.87 
2.85 
2.85 
2.85 
2.85 
2.85 
2.88 

2.85 
2.88 
2.85 


2.88 
2.83 
2.88 
2.83 
2.82 

2.83 


2.82 

2.80 
2.82 

2.82 
2.80 
2.80 
2.82 
2.80 
2.80 
2.80 
2.78 
2.80 

D.l'. 


9.907958 
.907866 
.907774 
.907682 
.907590 
.907498 
.907406 
.907314 
.907222 
.907129 
.907037 

9.906945 
.906852 
,906760 
.906667 
.906575 
.906482 


.906304 
.906111 

9.906018 


.905739 
.905645 
.905552 
.905459 
.905866 
.905272 
.905179 

9.905085 
.904992 


.904804 
.904711 
.904617 


;904335 
.904241 

9.904147 
.904053 


.903864 
.903770 
.908676 
.908581 
,908487 


9.903203 

.908106 
.9030M 
.902919 


.902729 


.902444 
9.902349 


Sine. 


1.68 
1.58 
1.53 
1.53 
1.53 
1.53 
1.58 
1.58 
1.55 
1.53 
1.53 

1.55 
1.53 
1.55 
1.53 
1.55 
1.55 
1.55 
1.53 
1.55 
1.55 

1.66 
1.55 
1.55 
1.57 
1.55 
1.55 
1.55 
1.57 
1.55 
1.57 

1.55 
1.57 
1.57 
1.55 
1.57 
1.57 
1.57 
1.57 
1.57 
1.57 

1.57 
1.57 
1.58 
1.57 
1.57- 
1.58 
1.57 
1.58 
1.57 
1.58 

1.58 
1.57 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 
1.58 

D.l*. 


9.861261 
.861527 
.861792 


.868119 


.868650 


9.864180 
.864445 
.864710 
.864975 
.865240 
.865505 
.865770 


.866564 

9.866829 
.867094 
.867358 
.867623 
.867887 


.868416 


9.869473 
.869737 
.870001 
.870265 


.870793 
.871057 
.871321 
.871585 
.871849 

9.872112 
.872376 
.872640 
.872903 
.873167 
.873430 
.873694 
.873957 
.874220 
.874484 

9.874747 
.875010 
.875273 
.875537 
.875800 
.876063 


.876589 

.876852 

9.877114 

Cotang. 


12^ 


4.48 
4.42 
4.43 
4.42 
4.43 
4.42 
4.42 
4.43 
4.42 
4.42 
4.42 

4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.42 
4.40 
4.42 

4.42 
4.40 
4.42 
4.40 
4.42 
4.40 
4.40 
4.42 
4.40 
4.40 

4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.40 
4.88 

4.40 
4.40 
4.38 
4.40 
4.38 
4.40 
4.38 
4.88 
4.40 
4.88 

4.88 
4.38 
4.40 
4.88 
4.38 
4.88 
4.38 
4.88 
4.37 

D.  r. 


755 


10.188739 
.138473 
.138208 
.137942 
.187677 
.187411 
.137146 
.186881 
.136615 
.136850 
.186085 

10.135820 
.185555 
.185290 
.135025 
.134760 
.184495 
.184230 
.133965 
.183700 
.133486 

10.138171 
.132906 
.132642 
.132377 
.132118 
.131848 
.131584 
.131320 
.131055 
.130791 

10.130527 
.130263 
.129999 
.129785 
.129471 
.129207 
.128943 
.128679 
.128415 
.128151 

10.127888 
.127624 
.127860 
.127097 
.126888 
.126570 
.126306 
.126043 
.125780 
.125516 

10.125253 
.124990 
.124727 
.124463 
.124200 
.123937 
.123674 
.123411 
.128148 

10.122886 

Tang. 


68« 


37° 


TABLE  XVIII.— LOGARITHMIC  SINES. 


142* 


Sine.       I>.  1'.      CcMaine.     D.  1',       Tang.       D.  1'.      Cotangr. 


0 

9.779463 

1 

.779681 

2 

.rr9798 

8 

.779966 

4 

.780138 

5 

.780800 

6 

.780467 

7 

.780634 

8 

.780801 

9 

.780968 

10 

.781134 

n 

9.781301 

12 

.781468 

18 

.781634 

14 

.781800 

15 

.781966 

16 

.782132 

17 

.782298 

18 

.782464 

19 

.782630 

20 

.782796 

21 

9.782961 

32 

.788127 

23 

.783292 

24 

.788458 

25 

.788623 

26 

.788788 

27 

.788958 

28 

.784118 

29 

.784282 

80 

.784447 

31 

9.784612 

82 

.784r?6 

38 

.784941 

84 

.785105 

35 

.785269 

36 

.786433 

37 

.785597 

88 

.785761 

39 

.785925 

40 

.786089 

41 

9.786252 

42 

.786416 

48 

.786579 

44 

.786742 

45 

.786906 

46 

.787069 

47 

.787232 

48 

.787895 

49 

.787557 

50 

.787720 

51 

9.787883 

52 

.788045 

58 

.788208 

54 

.788370 

55 

.788532 

56 

.788694 

57 

.788856 

58 

.789018 

59 

.789180 

60 

9.789342 

Cosine. 


2.80 

2.78 
2.80 
2.78 
2.78 
2.78 
2.78 
2.78 
2.78 
2.77 
2.78 

2.78 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.77 
2.75 

2.77 
2.75 
2.77 
2.75 
2.75 
2.75 
2.75 
2.78 
2.75 
2.75 

2.73 
2.75 
2.73 
2.73 
2.73 
2.73 
2.78 
2.73 
2.78 
2.72 

2.78 
2.72 
2.72 
2.73 
2.72 
2.72 
2.72 
2.70 
2.72 
2.72 

2.70 
2.7SL 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 
2.70 


D  V. 


9.902849 


.902158 
.902063 
.901967 
.901872 
.901776 
.901681 
.901585 
.901490 
.901394 

9.901298 


.901106 
.901010 
.900914 
.900818 
.900722 
.900626 
.900529 
.900433 

9.900837 
.900240 
.900144 
.900047 
.899951 
.899854 
.899757 


9.899870 


.899176 
.899078 


.898787 


.898494 
9.898897 


.898104 
.898006 
.897908 
.897810 
.897712 
.897614 
.897516 

9.897418 


.897123 


.896729 

.896631 

9.896582 


Sine. 


68 


63 


D.  r. 


9.677114 

.877877 
.877640 
.877903 
.878165 
.878428 
.878691 
.878958 
.879216 
.879478 
.879741 

9.880008 


.880528 
.880790 


.881314 
.881577 


.882101 


9.883625 


.888148 
.883410 
.888672 


.884196 
.884457 
.884719 
.884980 

9.886242 

.886504 
.885765 


:886549 
.886811 
.887072 
.887388 
.887594 

9.887855 
.888116 


.888900 
.889161 
.889421 


.889948 


9.890465 
.890725 
.890986 
.891247 
.891507 


4.88 
4.88 
4.88 
4.87 
4.88 
4.88 
4.87 
4.88 
4.87 
4.88 
4.87 

4.87 
4.88 
4.87 
4.87 
4.87 
4.88 
4.87 
4.87 
4.87 
4.87 

4.87 
4.35 
4.87 
4.87 
4.87 
4.87 
4.85 
4.87 
4.85 
4.87 

4.87 
4.85 
4.85 
4.87 
4.85 
4.87 
4.85 
4.35 
4.85 
4.85 

4.85 
4.87 
4.86 
4.85 
4.86 
4.83 
4.36 
4.86 
4.86 
4.86 

4.83 
4.36 
4.85 
4.88 
4.85 
4.88 
4.85 
4.88 
4.86 


Cotang.  I  D.  1', 


10.122886 
.122623 
.123860 
.132097 
.121885 
.121678 
.121809 
.121047 
.130784 
.120622 
.120259 

10.119997 
.119786 
.119472 
.119210 
.118948 
.118686 
.118423 
.118161 
.117899 
.117637 

10.117876 
.117118 
.116852 
.116690 
.116838 
.116066 
.115804 
.115543 
.115381 
.116030 

10.114758 
.114496 
.114235 
.118974 
.118712 
.118461 
.118189 
.112938 
.112667 
.112406 

10.112146 
.111884 
.111622 
.111861 
.111100 
.110889 
.110679 
.110818 
.110067 
.109796 

10.109686 
.109375 
.109014 
.108753 
.106493 
.108282 
.107973 
.107711 
.107461 

10.107190 


Tang. 


ia7*» 


756 


9r 
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COSINES,  TANGENTS,  AND  COTANGENTS.       141» 


84 
85 
86 
87 
88 
80 
40 

41 
42 
48 
44 
45 
46 
47 
48 
49 
50 

51 

se 

53 
54 
56 
56 
67 
68 
59 
60 


Sine.       D.  1\      Cosina     D.  1'.       Tang.      D.  1'.     Cotang. 


9.789843 
.789504 
.789665 
.789827 
.789968 
.790149 
.790810 
.790471 


.790793 
.790954 

9.791116 
.791275 
.791436 
.791596 
.791757 
.791917 
.792077 
.792287 
.792897 
.798667 

9.792716 
.792876 
.793035 
.798195 
.798864 
.798614 
.793673 
.798832 
.798991 
.794160 

9.794806 
.794467 
.794626 
.794784 
.794942 
.795101 
.795259 
.795417 
.795575 
.795738 

9.795891 
.796019 
.796206 
.796864 
.796521 
.796679 


.796993 
.797160 
.797807 

9.797464 
.797621 
.797777 
.797984 
.796091 
.798247 
.796403 
.796560 
.796716 

9.796672 


Cosine. 


2.70 
2.68 
2.70 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 
2.68 

2.67 
2.68 
2.67 
2.66 
2.67 
2.67 
2.67 
2.67 
2.67 
2.66 

2.67 
2.65 
2.67 
2.66 
2.67 
2.66 
2.65 
2.66 
2.65 
2.63 

2.65 
2.66 
2.63 
2.68 
2.66 
2.68 
2.68 
2.63 
2.68 
2.63 

Sf.63 
2.62 


2.62 

2.60 
2.62 
2.62 
2.60 
2.60 
2.62 
2.60 
2.60 


D.r. 


9.896532 


896137 


895840 
895741 
895641 
895542 

895443 
896343 


895145 
895045 
694945 
894846 
894746 
894646 
894646 

894446 
894346 
894246 
894146 
894046 
893946 
898846 
898745 
898645 
898544 

893444 


803142 
898041 


892686 


891827 
891726 


891523 

891421 
891319 
891217 
891115 
891013 
890911 


890707 
890605 
890508 


Sine. 


1.66 
1.68 
1.66 
1.66 
1.66 
1.66 
1.66 
1.65 
1.67 
1.66 
1.65 

1.67 
1.66 
1.66 
1.67 
1.67 
1.65 
1.67 
1.67 
1.67 
1.6? 

1.67 
1.67 
1.67 
1.67 
1.67 
1.67 
1.68 
1.67 
1.68 
1.67 

1.68 
1.67 
1.66 
r.68 
1.68 
1.68 
l.ff? 
1.66 
1.70 
1.66 

1.68 
1.68 
1.68 
1.70 
1.68 
1.70 
1.68 
1.70 
1.66 
1.70 

1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 
1.70 


9.892810 
.893070 


.898691 
.893861 
.894111 


.895152 
.895412 

9.895672 


.896192 


.896712 
.896971 
.897281 
.897491 
.897751 
.898010 

9.898270 
.898680 
.898789 


.899568 


.900087 
.900346 
.900605 

9.900664 
.901124 
.901383 
.901642 
.901901 


.902679 


.908197 

9.903456 
.903714 
.908973 
.904232 
.904491 
.904750 
.905008 


.905626 
.905785 

9.906O43 
.906802 
.906560 
.906819 
.907077 
.907336 
.907594 
.907853 
.908111 


D.  1".  I    Cotang. 


4.88 
4.85 
4.83 
4.38 
4.33 
4.86 
4.83 
4.83 
4.33 
4.33 
4.83 

4.88 
4.33 
4.83 
4.38 
4.32 
4.33 
4.33 
4.88 
4.32 
4.83 

4.88 
4.82 
4.33 
4.82 
4.33 
4.32 
4.33 
4.32 
4.32 
4.32 

4.83 
4.32 
4.32 
4.32 
4.32 
4.33 
4.32 
4.32 
4.32 
4.32 

4.80 
4.82 
4.82 
4.32 
4.32 
4.80 
4.82 
4.32 
4.32 
4.30 

4.32 
4.30 
4.32 
4.30 
4.82 
4.30 
4  83 
4!30 
4.30 


isr 


D.r. 


757 


10.107190 
.106980 
.106669 
.106409 
.106149 
.106689 
.105628 
.106368 
.106108 
.104848 
.104688 

10.104328 
.104068 
.103808 
.106648 


.102769 
.102509 
.1(^9 
.101990 

10.101780 
.101470 
.101211 
.100951 
.100692 
.100432 
.100173 
.099913 
.099654 
.099395 

10.099136 
.096876 
.098617 


.097840 
.097580 
.097821 
.097062 
.096803 

10.096544 


.095768 
.096509 
.095250 
.094992 
.094733 
.004474 
.094215 

10.093957 
.093698 
.093440 
.093181 


.092406 

.092147 

.091889 

10.091631 


Tang. 


or 


89» 
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140* 


Sine.        D.  1'.      Cosine.     D.  1'.       Tang.       D.  1'.     Cotang. 


9.796872 
.799028 
.799184 


.799496 
.799651 
.799806 
.799962 
.800117 
.800272 
.800427 

9.800582 
.800787 


.801047 
.801201 
.801356 
.801511 
.801666 
.801819 
.801973 

9.802128 


.802743 
.802897 
. 803050 


.808357 
.808511 


.803817 


40   .805039 


129« 


.804123 
.804276 
.804428 
.804581 
.804734 


9.8(D5191 
.805343 
.805495 
.805647 
.805799 
.805951 
.806103 


.806406 

.806557 

9.806709 


.807011 
.807163 
.807314 
.807466 
.807615 
.807766 
.807917 
9.808067 

Cosine. 


2.60 
2.60 
2.58 
2.60 
2.60 
2.58 
2.60 
2.58 
2.58 
2.58 
2.58 

2.58 
2.58 
2.58 
2.57 
2.58 
2.58 
2.57 
2.57 
2.57 
2.58 

2.67 
2.57 
2.55 
2.57 
2.57 
2.56 
2.57 
2.55 
2.f.7 
2.56 

2.55 
2.56 
2.65 
2.55 
2.55 
2.55 
2.55 
2.53 
2.55 
2.63 

2.53 
2.53 
2.53 
2.53 
2.53 
2.53 
2.62 
2.63 
2'.  62 
2.53 


2.53 


2.62 
2.50 


2.52 
2.60 


D.  r. 


75S 


890503 
890400 


890195 


889786 


889579 
889477 

889374 
889271 
889168 


888756 
,888651 
888548 
888444 


888134 


,887718 
887614 
887510 
887406 

887802 
887198 
887093 


886676 
886571 


886257 
886152 
886047 


885627 


1.72 
1.70 
1.72 
1.70 
1.72 
1.70 
1.72 
1.72 
1.72 
1.70 
1.72 

1.72 
1.72 
1.73 
1.72 
1.72 
1.72 
1.73 
1.72 
1.73 
1.72 

1.73 
1.72 
1.73 
1.73 
1.73 
1.78 
1.73 
1.73 
1.73 
1.73 

1.73 
1.75 
1.73 
l.TSf 
1.76 
1.73 
1.75 
1.75 
1.73 
1.75 

1.75 
1.76 
1.75 
1.75 
1.75 
1.76 
1.76 
1.77 
1.76 
1.77 

1.75 
1.77 
1.75 
1.77 
1.77 
1.75 
1.77 
1.77 
1.77 


Sine.     I  D.  r, 


885416 
885311 


886100 
884994 


884783 
884677 


884360 


9.908369 


90^86 
909144 


909660 
909918 
910177 
910435 
910693 
910961 

911209 
911467 
911726 
911982 
912240 
912498 
912756 
918014 
918271 
918529 

918787 
914044 
914302 
914560 
914817 
915075 
915382 
915590 
916847 
916104 


916619 
916877 
917134 
917391 
917648 
917906 
918168 
918420 
918677 

918934 
,919191 
919448 
919705 


920476 
920733 


921247 

921503 
921760 
922017 


922787 


928800 
928667 
928814 


Cotang. 


4.82 
4.80 
4.80 
4.30 
4.80 
4.30 
4.82 
4.80 
4.80 
4.30 
4.30 

4.80 
4.30 
4.28 
4.80 
4.80 
4.30 
4.30 
4.28 
4.80 
4.80 

4.28 
4.30 
4.30 
4.28 
4.80 
4.28 
4.80 
4.28 
4.28 
4.30 

4.28 
4.30 
4.28 
4.28 
4.28 
4.30 
4.28 
4.28 
4.28 
4.28 

4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.28 
4.27 

4.28 
4.28 
4.28 
4.27 
4.28 
4.28 
4.27 
4.28 
4.28 

"dTiT 


10.091631 
.091372 
.091114 
.090666 
.090598 
.090340 


.089565 
.089807 
.089049 

10.088791 
.088633 
.088375 
.088018 
.087760 
.087502 
.067244 
.066986 
.066729 
.066471 

ia.ne"n-3i3 

.>.S8.M)66 
.ci5S5i»98 
iTK^WO 

.iH4f|68 

.ns4l53 

.{]ti:iS96 

10.083638 
.083381 
.083123 


.081837 
.081680 
.061323 

10.flHr066 
.LK^H09 
.firt!;k552 
.i]c^ic395 
,(>^iiJ88 
.  0711781 

.(^r«34 
.o;l^»7 

,0Ta758 

10.078497 
.078240 
.077988 
.077726 
.077470 
.077213 
.076956 
.076700 
.076443 

10.076186 

Tang. 


M^ 


400         COSINES,  TANGENTS,  AND  COTANGENTa        189« 


87 


Sine.      D.  1'.      Cosina     D.  1'.        Tang.      D.  1'.      Ck>tang, 


9.806067 
.806218 


.806519 


.806819 
.808960 
.809119 


.809419 
.809569 

9.809718 
.809668 
.810017 
.810167 
.810816 
.810465 
.810614 
.810763 
.810913 
.811061 

9.811210 
.811868 
.811507 
.811655 
.811804 
.811952 
.812100 
.812248 


.812644 

9.812692 
.812840 


.818135 


.818480 
.818678 
.818725 
.818872 
.814019 

9.814166 
.814818 
.814460 
.814607 
.814768 
.814900 
.815046 
.816193 


.815485 

9.815682 
.816778 
.815924 


.816215 
.816861 
.816507 
.816662 
.816798 
9.816948 

Cosine. 


2.52 
2.50 
2.52 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
2.48 

2.50 
2.48 
2.60 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 
2.48 

2.47 
2.48 
2.47 
2.48 
2.47 
2.47 
2.47 
2.47 
2.47 
2.47 

2.47 
2.47 
2.45 
2.47 
2.45 
2.47 
2.45 
2.45 
2.45 
2.45 

2.45 
2.45 
2.45 
2.43 
2.45 
2.48 
2.45 
2.43 
2.43 
2.45 

2.48 
2.43 
2.42 
2.43 
2.43 
2.43 
2.42 
2.43 
2.42 

D.  1". 


9.884254 

.884148 


.888723 
.883617 
.883510 
.883104 


.888191 
9.888084 


171 
64 
.882657 


.882121 

9.882014 
.881907 
.881799 
.881692 
.681584 
.881477 


.881261 
.881153 
.881046 

9.880988 


.880722 
.880613 
.880505 


.880180 
.880072 
.879963 

9.879855 
.879746 
.879637 
.879529 
.879420 
.879311 
.879202 
.879093 
.878984 
.878875 

9.878766 

.878656 
.878547 
.878438 


.878219 
.878109 
.677999 
.877890 
9.877780 

Sine. 


1.77 
1.77 
1.77 
1.78 
1.77 
1.77 
1.78 
1.77 
1.78 
1.77 
1.78 

1.78 
1.77 
1.78 
1.78 
1.78 
1.78 
1.78 
1.78 
1.80 
1.78 

1.78 
1.80 
1.78 
1.80 
1.78 
1.80 
1.80 
1.80 
1.78 
1.80 

1.80 
1.80 
1.82 
1.80 
1.80 
-1.80 
1.82 
1.80 
1.82 
1.80 

1.82 
•1.82 
1.80 
1.82 
1.82 
1.82 
1.82 
1.82 
1.82 
1.82 

1.83 
1.82 
1.82 
1.83 
1.82 
1.83 
1.83 
1.82 
1.83 

D.  1-. 


9.928814 
.924070 


.925096 


.926122 


9.926634 


.927147 
.927403 


.927915 
.928171 


9.929196 


.930475 
.980781 
.980987 
.931243 
.931499 

9.931756 


.932778 


.988800 
.934066 

9.984811 
.934567 


.935078 


.935844 
.986100 


.936611 

9.986866 
.937121 
.987377 
.937632 
.937887 
.938142 


9.939163 


4.27 
4.28 
4.27 
4.28 
4.27 
4.27 
4.28 
4.27 
4.28 
4.27 
4.27 

4.27 
4.28 
4.27 
4.27 
4.27 
4.27 
4.27 
4.28 
4.27 
4.27 

4.27 
4.27 
4.27 
4.27 
4.25 
4.27 
4.27 
4.27 
4.27 
4.27 

4.25 
4.27 
4.27 
4.27 
4.25 
4.27 
4.27 
4.25 
4.27 
4.25 

4.27 
4.25 
4.27 
4.25 
4.27 
4.25 
4.27 
4.25 
4.27 
4.25 

4.25 
4.27 
4.25 
4.25 
4.25 
4.27 
4.25 
4.25 
4.25 


180<» 


Cotang.  I  D.  1'. 


759 


10.076186 
.075930 
.075678 
.076417 
.075160 
.074904 
.074648 
.074891 
.074185 
.078878 
.073622 

10.073866 
.078110 
.072853 
.072697 
.072841 
.072066 
.071829 
.071578 
.071816 
.071060 

10.070804 
.070548 
.070292 
.070036 
.069780 
.069525 
.069269 
.069013 
.068757 
.068601 

10.068245 
.067990 
.067734 
.067478 
.067222 
.066967 
.066711 
.066465 
.066200 
.065944 

10.066689 
.066433 
.065178 
.064922 
.064667 
.064411 
.064156 
.068900 
.063645 


10.063134 
.062879 


.062113 
.061858 
.061602 
.061347 
.061092 
10.060837 

Tang. 


40- 


4P 
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138' 


24 


27 


84 
35 
86 
87 
88 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
64 
55 
56 
57 
68 
59 
60 


Sine. 


9.816943 
.817088 
.817233 
.817379 
.817524 
.817668 
.817813 
.817958 
.818103 
.818247 


9.818536 

.818681 
.818825 
.818969 
.819113 
.819257 
.819401 
.819545 


.819832 

9.819976 
.820120 


.820550 


.820979 
.821122 
.821265 

9.821407 
.821550 


.821835 
.821977 
.822120 


.822404 
.822546 


.822972 
.823114 
.823255 


.824104 

9.824^5 

.824886 
.824527 


.824949 
.825090 


.825371 
9.825511 

I   Cosine. 


D.  r. 


181« 


2.42 
2.42 
2.48 
2.42 
2.40 
2.42 
2.42 
2.42 
2.40 
2.42 
2.40 

2.42 

2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.40 
2.88 
2.40 

2.40 


2.40 


2.88 
2.87 

2.38 
2.38 
2.37 
2.37 
2.38 
2.37 
2.37 
2.87 
2.87 
2.37 

2.87 
2.37 
2.35 
2.87 
2.87 
2.35 
2.35 
2.37 
2.35 
2.36 

2.35 
2.85 
2.85 
2.88 
2.35 
2.35 


2.88 


D.  r. 


7G0 


Cosine. 


9.877780 
.877670 
.877560 
.877450 
.877340 
.877230 
.877120 
.877010 


.876789 
.876678 

9.876568 
.876457 
.876847 


.876125 
.876014 
.876904 
.875798 
.875682 
.875571 

9.875459 
.875848 


.875126 
.875014 
.874903 
.874791 
.874680 
.874568 
.874456 

9.874844 

.874232 
.874121 
.874009 


.873784 
.878672 
.878560 
.873448 


.873110 


.872772 
.872659 
.872547 
.872434 


.872208 

9.872095 
.871981 
.871868 
.871755 
.871641 
.871528 
.871414 
.871301 
.871187 

9.871073 

Sine. 


D.r. 


1.83 
1.88 
1.88 
1.83 
1.83 
1.83 
1.83 
1.85 
1.83 
1.85 
1.83 

1.85 
1.83 
1.85 
1.85 
1.85 
1.83 
1.85 
1.85 
1.85 
1.87 

1.85 
1.85 
1.85 
1.87 
1.85 
1.87 
1.86 
1.87 
1.87 
1.87 

1.87 
1.85 
1.87 
1.88 
1.87 
1.87 
1.87 
1.87 
1.88 
1.87 

1.88 
1.87- 
1.88 
1.88 
1.88 
1.87 
1.88 
1.88 
1.88 
1.88 

1.90 
1.88 
1.88 
1.90 
1.88 
1.90 
1.88 
1.90 
1.90 

D.r. 


Tang. 

D.r. 

Cotang. 

/ 

9.939163 

4.25 
4.25 
4.25 
4.25 
4.27 
4.25 
4.25 
4.25 
4.25 
4.23 
4.25 

10.060637 

60 

.939418 

.060682 

69 

.939673 

.060827 

58 

.939928 

.060072 

57 

.940183 

.050817 

66 

.940439 

.059561 

65 

.940694 

.059806 

54 

.940949 

.069051 

53 

.941204 

.068796 

62 

.941459 

.058541 

61 

.941713 

.058287 

50 

9.941968 

4.25 
4.25 
4.25 
4.25 
4.25 
4.25 
4.23 
4.25 
4.25 
4.25 

10.058082 

49 

.942223 

48 

.942478 

.067522 

47 

.942733 

.057267 

46 

.942988 

.057012 

45 

.943243 

.056757 

44 

.948498 

.056602 

43 

.948752 

.066248 

42 

.944007 

.065993 

41 

.944262 

.056738 

40 

9.944517 

4.23 
4.25 
4.25 
4.23 
4.25 
4.25 
4.23 
4.25 
4.28 
4.25 

10.055483 

39 

.944771 

.055229 

88 

.945026 

.054974 

37 

-  .945281 

.054719 

86 

.945535 

.064465 

85 

.945790 

.064210 

84 

.946045 

.058965 

83 

.946299 

068701 

82 

.946554 

.063446 

81 

.946808 

.068192 

80 

9.947063 

4.25 
4.23 
4.25 
4.28 
4.28 
4.25 
4.28 
4.25 
4.28 
4.25 

10.052987 

S9 

.947318 

.052682 

28 

.947572 

.052428 

27 

.947827 

.052173 

26 

.948061 

.061919 

25 

.948835 
.948590 

.061665 
.061410 

24 
23 

.948844 

.061156 

22 

.949099 

.060901 

21 

.949858 

.060647 

20 

9.949608 

4.23 
4.28 
4.25 
4.28 
4.28 
4.28 
4.25 
4.28 
4.28 
4.28 

10.050393 

19 

.949862 

.060188 

18 

.950116 

.049684 

17 

.950871 

.049629 

16 

.950625 

.049875 

15 

.950879 

.049121 

14 

.951183 

.048867 

13 

.951388 

.048612 

12 

.951642 

.048858 

11 

.951896 

.048104 

.10 

9.952150 

4.26 
4.28 
4.23 
4.23 
4.28 
4.28 
4.23 
4.28 
4.28 

10.047860 

9 

.952405 

.047695 

8 

.952659 

.047841 

7 

.952913 

.047067 

6 

.953167 

.046633 

5 

.953421 

.046679 

4 

.953675 

.046825 

3 

.958929 

.046071 

2 

.954183 

.046817 

1 

9.954437 

10.046663 

0 

Cotang. 

D.r. 

Tang. 

/ 

42«        COSINES,  TANOENTS,  AND  COTANGENTS.       187» 


9.88B511 
.826651 
.826791 
.826831 
.826071 
.826211 


.806491 


.826770 
.826910 

9.827049 
.827189 


.827467 
.827606 
.827745 


9.828489 
.828578 
.828716 


.829181 
.829269 
.829407 


9.829821 


.830097 


.880872 
.830509 
.830646 
.830784 


.831058 
9.831196 


.831469 
.831606 
.881742 
.831879 
.882016 


9-832661 


.883106 


.838877 
.888612 


9.838788 
Oosine. 


2.83 
2.33 
2.88 
2.88 
2.33 
2.88 
2.88 
2.38 
2.82 
2.38 
2.32 

2.88 
2.82 
2.82 
2.32 
2.32 
2.82 
2.82 
2.32 
2.32 
2.30 

2.32 
2.30 
2.32 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 
2.30 

2.30 
2.30 
2.28 
2.80 
2.28 
2.28 
2.30 
2.28 
2.28 
2.28 

2.28 
2.28 
2.28 
2.27 
2.28 
2.27 
2.28 
2.27 
2.28 
2.27 

2.27 
2.27 
2.27 
2.27 
2.27 
2.27 
2.26 
2.27 
2.25 


D.r, 


9.871078 
.870960 
.870846 
.870782 
.870618 
.870504 
.870890 
.870276 
.870161 
.870047 


9.860618 
.869r04 


.869474 


.869130 
.869015 


.868785 

9.868670 
.868555 
.868440 


.868093 
.867978 


.867747 
.867631 

9.867515 
.867399 


.867167 
.867051 


.866703 


.866470 
9.866853 


.866120 


.865770 
.865653 
.865536 
.865419 


9.865185 
.866068 
.8649^ 


.864716 
.864598 
.804481 
.864863 
.864^45 
9.864127 


90 


92 


Sine.  I  D.  r. 


Tang. 

D.r. 

Cotang. 

/ 

9.954487 

4.28 
4.25 
4.23 
4.23 
4.23 
4.22 
^  4.23 
4.23 
4.23 
4.23 
4.23 

10.046868 

60 

.954691 

.045809 

59 

.954946 

.045054 

58 

.955200 

.044800 

57 

.955454 

.044546 

56 

.955708 

.044292 

55 

.955961 

.044039 

54 

.956215 

.048785 

58 

.956469 

.048581 

52 

.956723 

.048277 

51 

.956977 

.048023 

60 

9.957231 

4.28 
4.28 
4.23 
4.23 
4.22 
4.23 
4.28 
4.28 
4.23 
4.22 

10.042769 

49 

.957485 

.042515 

48 

.957739 

.042261 

47 

.957993 

.042007 

46 

.968247 

.041753 

46 

.968500 

.041500 

44 

.958754 

.041246 

48 

'.959008 

.040992 

42 

.959262 

.040788 

41 

.959516 

.040484 

40 

9.969769 

4.28 
4.28 
4.22 
4.28 
4.23 
4.23 
4.22 
4.28 
4.22 
4.28 

10.040281 

89 

.960028 

.039977 

38 

.960277 

.089723 

37 

.960530 

.089470 

36 

.960784 

.039216 

35 

.961038 

.088962 

84 

.961292 
.96154^ 

.038708 
.088455 

33 
32 

.961799 

.038201 

81 

.962052 

.067948 

30 

9.962806 

4.28 
4.22 
4.23 
4.22 
4.28 
4.23 
4.22 
4.23 
4.22 
4.23 

10.037694 

29 

.962560 

.037440 

28 

.962813 

.087187 

27 

.968067 

.086933 

26 

.963820 

.036680 

25 

.963574 

.036426 

24 

.968828 

.086172 

23 

.964081 

.035919 

22 

.964335 

.085665 

21 

.964588 

.035412 

20 

9.964842 

4.22 
4.23 
4.22 
4.22 
4.23 
4.22 
4.23 
4.22 
4.23 
4.22 

10.085168 

19 

.965095 

.034906 

18 

.965349 

.034651 

17 

.965602 

.034398 

16 

.965855 

.084145 

15 

.966109 

.063891 

14 

.966862 

.033638 

13 

.966616 

.083384 

12 

.966869 

.033131 

11 

.967123 

.082877 

10 

9.967376 

4.22 
4.23 
4.22 
4.22 
4.28 
4.22 
4.22 
4.28 
4.22 

10.082624 

9 

.967629 

.032371 

8 

.967883 

.082117 

7 

.968136 

.031864 

6 

.968889 

.031611 

5 

.968643 

.031357 

4 

.968896 

.031104 

3 

.969140 

.080851 

2 

.969403 

.030597 

1 

9.969656 

10.030344 

0 

i  Cotang. 

D.r. 

Tang. 

/ 

Its* 
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TABLE  XVIII.— LOGARITHMIC  SINES. 


136' 


Sine.      D.  1'.       Cosine.      D.  1'.        Tang.      D.  1'.      Cotang. 


9.888783 


.834054 
.834189 


.834460 
.834595 
.834730 


.835134 
9.835269 


.835672 


.835941 
.836075 


.836343 
.836477 

9.836611 
.836745 
.836878 
.837012 
.837146 
.837279 
.837412 
.837546 
.837679 
.837812 

9.837945 
.838078 
.838211 
.838344 
.838477 
.888610 
.888742 


.839007 
.839140 

9.889272 


.839800 


.840064 
.840196 


.840459 

9.840691 
.840722 
.840854 
.840985 
.841116 
.841247 
.841878 
.841509 
.841640 

9.841771 

Cosine. 


188« 


2.27 
2.25 
2.25 
2.27 
2.25 


2.25 
2.28 
2.25 
2.23 
2.23 
2.23 
2.23 
2.28 


2.22 
2.28 


2.22 
2.22 
2.22 
2.20 
2.22 
2.20 


2.20 
2.20 
2r.20 
2.20 
2.20 
2.20 
2.20 
2.20 
2.18 
2.20 

2.18 
2.20 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 
2.18 

D.  r. 
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9.864127 
.864010 


.863774 
.863656 


.863419 
.863801 
.863183 
.863064 


9.862827 


.862471 


.862115 
.861996 
.861877 
.861758 

9.861638 
.861519 
.861400 
.861280 
.861161 
.861041 


9.860442 


.860062 


.659842 
.859721 
.859601 
.859480 


9.859289 
.859119 


.868877 
.858756 


.868514 


.858151 

9.858029 
.857908 
.857786 
.857665 
.857543 
.857422 
.857300 
.857178 
.857056 

9.856934 


Sine.    I  D.  1'. 


1.95 
1.97 
1.97 
1.97 
1.97 
1.98 
1.97 
1.97 
1.98 
1.97 
1.98 

1.97 
1.98 
1.98 
1.97 
1.98 
1.96 
1.96 
1.96 
1.98 
2.00 

1.96 
1.96 
2.00 
1.98 
2.00 
1.96 
2.00 
2.00 
2.00 
2.00 

2.00 
2.00 
2.00 
2.00 
2.00 
2.02 
2.00 
2.02 
2.00 
2.02 

2.00 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 
2.02 


2.03 
2.02 
2.03 
2.02 
2.03 
2.03 
2.03 
2.03 


9.969656 
.969909 
.970162 
.970416 


.970922 
.971175 
.971429 
.971682 
.971935 
.972188 

9.972441 
.972695 
.972948 
.978201 
.978464 
.978707 
.978960 
.974218 
.974466 
.974720 

9.974973 
.975226 
.976479 
.976782 
.976985 
.970238 
.976491 
.976744 
.976997 
.977250 

9.977503 
.977756 
.978009 


.978515 
.978768 
.979021 
.979274 
.979527 
.979780 

9.960038 
.980966 
.960588 
.960791 
.981044 
.961297 
.961550 
.981803 
.982056 


9.982662 
.982814 
.988067 
.988320 
.988573 
.963826 
.984079 


.984684 
9.984837 


4.22 
4.22 
4.23 
4.2-i 
4.22 
4.22 
4.23 
4.22 
4.22 
4.22 
4.22 

4.28 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.28 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 

4.20 
4.22 
4.22 
4.22 
4.22 
4.22 
4.22 
4.20 
4.22 


Cotang.  i  D.  1", 


10.080844 
.080091 


.029881 
.029078 


.028066 
.027812 

10.027559 
.027305 
.027052 
.026799 
.026546 
.026293 
.026040 
.025787 
.025534 


10.025027 
.024774 
.024621 
.024268 
.024015 
.028762 
.028509 
.023266 
.028008 
.022750 

10.022497 
.022244 
.021991 
.021738 
.021485 
.021282 
.020079 
.020726 
.02M78 
.020220 

10.019967 
.019714 
.019462 
.019209 
.018966 
.018703 
.018450 
.018197 
.017944 
.017691 

10.017488 
.017186 
.016988 
.016680 
.016^7 
.016174 
.016921 
.016668 
.016416 

10.016163 

Tang. 
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Sine.       D.  1'.      Ck)sina     D.  1*.       Tang.      D.  1*.     Ootang. 


9.841771 
.841903 
.842033 
.842163 


.842555 


.842815 
.842946 
.843076 

9.-HJ06 

..sj^vl36 
.*N^M66 

.e<^r>95 
.SM-i:25 

.KI-SS65 

.Hini4 
.KU;J43 

.f^n^i72 

9.844502 
.844631 
.844760 
.844889 
.845018 
.845147 
.845276 
.84:^405 
.845533 


).l  90 
.1       19 

.hf..M47 
.Hi '-.1 75 
.S2«.:j04 
.Klri  t82 
.hiii:i60 
.Hlf;?i88 
.fiin-^ie 
.B4fii44 


9.1  '71 

.1       99 
.!■■    27 

.Ki,f54 

.SSTV09 

.h  J  7.-86 

.S  1-^91 
.}      18 

9.848845 
.848472 


.848726 


.848979 
.849106 


9.849485 


Oodne.     D.  1 


2.18 
2.18 
2.17 
2.18 
2.17 
2.18 
2.17 
2.17 
2.18 
2.17 
2.17 

2.17 
2.17 
2.15 
2.17 
2.17 
2.15 
2.17 
2.15 
2.15 
2.17 

2.15 
2.15 

2.15 
2.15 
2.15 
2.15 
2.15 
2.13 
2.15 
2.13 

2.15 
2.13 
2.13 
2.15 
2.13 
2.13 
2.13 
2.13 
2.13 
2.12 

2.13 
2.13 
2.12 
2.13 
2.12 
2.12 
2.13 
2.12 
2.12 
2.12 

2.12 
2.12 
2.12 
2.10 
2.12 
2.12 
2.10 
2.12 
2.10 


9.856934 
.856812 


.856446 


.856078 
.855956 
.865883 
.855711 

9.855688 
.855465 
.855342 
.855219 
.855096 
.864973 
.854850 
.854727 
.854608 
.854480 

9.854366 


.854109 


.853614 
.853490 
.853866 


9.858118 


.862745 


.852496 
.852871 


.852122 
.851997 

9.861872 
.851747 


.851497 
.861372 
.861246 
.851121 
.850996 
.850870 
.850745 

9.850619 
.850498 
.850868 


.850116 
.849990 
.849864 


.849611 
9  84^485 


2.08 
2.03 
2.08 
2.03 
2.05 
2.03 
2.05 
2.03 
2.05 
2.03 
2.05 

2.05 
2.06 
2.06 
2.06 
2.05 
2.05 
2.05 
2.07 
2.05 
2.07 

2.06 
2.07 
2.05 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 
2.07 

2.07 
2.08 
2.07 
2.08 
2.07 
2.08 
2.07 
2.08 
2.08 
2.08 

2.08 
2.08 
2.08 
2.08 
2.10 
2.08 
2.08 
2.10 
2.08 
2.10 

2.10 

2.08 
2.10 
2.10 
2.10 
2.10 
2.10 
2.12 
2.10 


9.984837 
.985090 
.985348 
.965596 
.965848 
.966101 
986854 
.966607 


.967112 
.987865 

9.967618 
.987871 
.988123 


.989184 
.989887 


.980898 

9.990145 
.990898 
.990661 
.990903 
.991156 
.991409 
.991662 
.991914 
.992167 


9.992672 


.993178 
.993481 


.994189 
.994441 


.994947 

9.995199 
.995452 
.995706 
.995957 
.996210 
.996468 
.996715 


.997821 
.997473 

9.997726 
.997979 
.996281 
.996484 
.998737 


999747 
10.000000 


4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 

4.22 
4.20 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.22 
4.20 

4.22 

4.22 
4.20 
4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 

4.22 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 


4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 

4.22 

4.20 
4.22 
4.22 
4.20 
4.22 
4.22 
4.20 
4.22 


10.015168 
.014910 
.014657 
.014404 
.014162 
.018899 
.018646 
.018898 
.018140 
.012888 
.012685 


10. 


10. 


10 


10 


10 


10 


,012882 
012129 
011877 
011624 
011871 
.011118 
,010666 
010613 
010860 
,010107 

009666 
009602 
009849 
,009097 
,008844 
008591 
006888 
008086 
,007833 
007580 

007328 
007075 
006822 
006569 
006817 
006064 
005811 
006659 
005806 
006058 

004801 
004548 
004295 
004043 
003790 
003587 


002779 
002527 

003274 
002021 
001769 
001616 
001263 
001011 
,000758 
000506 
000268 
000000 
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PAGE 

Abbreviations  in  leveling  notes  237 

Aberration,  Chromatic 549 

Spherical 549,  553 

Abutment,  to  give  lines  for. ...   214 

Accessories  for  plane  table 577 

Accidental  errors,  definition  of      10 

reduction  of 12 

Accuracy  in    office  computa- 
tions      370 

in  surveying,  limits  of  error       7 

Achromatic  Lens 549 

Adjustment,  peg,  three 

methods 597 

Adjustments,  angles 389 

compass 602 

dumpy  level 600 

eyepiece 601 

instruments 581 

(also  see  Transit,  Level,  Compass, 
Wye-level,  Plane-table.) 
general  siiggestions  for ....   581 
method  ofreversion,  prin- 
ciple of 583 

need  of 581 

measurement 13 

object  glass  slide 602 

plane  table . .  603 

sextant . .  604 

wye-level 592 

Afifonic  line Ill 

in  the  United  States 543 

Akney  hand-level 571 

Alidade 318 

plane  table 576 

transit 563 

Alignment  error  in  chaining. . .     41 

Almanac,  nautical 622 

Altitudes,  dictionary  of  ..,*... .     53 

American  Ephemeris 622 

Aneroid  barometer 264 

Angles.accuracy  in  measurement  101 

adjustment  of 389 

in  triangulation 199 

algebraic  signs  of 375,  378 

application  of  method    of 

least  squares 19 

between  two  lines  calculated 

from  bearings 382 

common  mistakes  in  reading     97 
comparison    of    methods    of 

measuring 101 

constructing  with  triangles. .  439 


Angles  (^continued)  page 

deflection 117 

calculation  of  bearings. . . .  382 

measuring 98 

method  of  running  transit 

lines 120 

numbering  limb,  quadrant 

method 75 

use  in  plotting  traverses 

466,  493 
direct,    use  in  plotting  tra- 
verses  464,  493 

determined  for  office  compu- 
tations    375 

doubling 100 

errors  in  measuring 104 

exterior  for  transit  lines 118 

fence  comer,  how  to  measure  202 
five  methods  of  plotting 455 

general  methods  of  reading. ,    68 
orizontal,    accuracy    in 

measurement     99 

explanation  of 2 

how  to  turn  off 99 

measuring,  accuracy  in. . . .     99 

methods  of 93 

sextant  method  of 578 

sources  of  error  in 96 

suggestions  for 95 

three  steps  in 663 

reading  to  contour  j>oints..  343 
Angles,  interior  for  transit  lines  118 
interior  of  polygon,  rules  for 

adding  119 

intersection  of  curves 204 

keeping  track  of  by  Tt^atches    203 

laying  off  accurately 218 

by  repetition 101 

measurements  in  stadia 

surveying *. 309 

measuring 218 

by  repetition 99 

by  series 100 

by  tape 64 

method  of     intersection     in 

locating  points 137 

methods  of  plotting 459 

comparison  of 461 

five  methods 455 

plotting,  methods  of 455 

cosine  and  sine  method .   459 
latitude    and    departure 
method 461 
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Angles,  plotting  (continued)     page 

by  protractor 455 

by  three-point  probleno. . . .  462 

reading 67 

check  by  estimating 71 

general  methods  of 68 
orizontal  angles    to    con- 
tour points 343 

either  direction  from  one 

row  of  numerals 73 

natural  mistakes  in 71 

relative  importance   of 

limb  and  vernier 68 

suggestions  for 96 

wrong  row  of  numerals. .  ►.     71 

reading  the  limb 68 

coEMnon  mistakes  in 69 

methods  illustrated 69 

right    or   left,   for    transit 

lines 118 

several  ^  taken     from     same 

backsight 94 

taken  ri^t  or  left 94 

transit  Ime 117 

use  of,  in  locating  objects. . .   134 
in  running  transit  lines. ...  120 

vertical,  explanation  of 2 

measuring 98 

with  sextant 579 

reading  to  contour  points.   343 

Angle  target 572 

Angular  distances,   conversion 

to  bearings 378 

definition  of. 378 

Angular  errors — (see  Errors  in  angu- 
lar measurements). 
Angular  measurements,  adjust- 
ing    478 

correcting; 478 

Angular  units  of  measurement       3 
Annual  variation  of  magnetic 

needle 543 

Appreciable  error 13 

Arc  of  earth's  surface,  length  of, 

compared  with  straight  line.       2 
Architect,  data  furnished  to,  by 

engineer 212 

Architect,  suryey  for 211 

Architect's  level 571 

Architect's  scales  for  maps. . . .   489 

Astronomical  triangle 620 

Attachment,  solar,  for  transit..  627 

Automatic  le'^eling-rod. .   572 

Auxiliary  telescope  for  transit.  566 

Area  of  land 407 

methods  of  finding 408 

units  of 407 

Areas,    between   tangents    and 

curves 408 

calculating 6 

computation  of 6 

diflferent  methods  of 418 

comparison  of 418 

form  for 413 

formula  for 430 

Francke's  rule  for 412 


ABEAS,oomputation  of  (eon^d)  page 
method  from  codrdinates, 

rules  for 418 

from  curved  boundaries.  412 
from    double    latitudes 
and    longitudes,     ex- 
ample    417 

from  latitudes  and  longi- 
tudes, general  method  414 
from  latitudes  and  longi- 
tudes, rules  for. 416 

from  latitudes  and 

double  longitudes. .  # .    413 

from  map 408 

from  offsets. 411 

from    offsets,    irregular 

intervals 412 

by  planimeter 408 

from  square  feet 416 

Poncelet's  rule  for 412 

trapezoidal  rule  for 411 

trigonometric    formulas 

for 407 

geometrical  figures 407 

metric  system  of,  and  Eng- 
lish eauivalents 407 

Axis  of  bubble  tube 544 

of  earth,  leng^th  of 1 

of  lens,  Drincipal 546 

secondary 547 

of  transit,  supporting 563 

Azimuth  and  altitude,  revers- 
ing transit  in 92 

Azimuth,     checking    by    mag- 
netic needle 124 

computations  of  latitude  and 

departures 387 

defimtion  of 114 

facts  to  remember  about. ...    115 

forward  and  back 115 

methods  of  running  transit 

lines 120 

of     Polaris     at     elongation, 

table  of 646 

of  sun,  formulas  for 626 

use  of,  in  locating  objects. . .   134 
in  plotting  traverses. .  .471,  493 

Backsight  in  leveling 237 

length  of 251 

in  measuring  angles 90 

Balancing  a  surve^f 395 

Balancing-in  transit 201 

Baltimore    survey,   scale   used 

in  plotting  map 489 

Band  tape 560 

Barber,  paper  on  determining 

a  meridian 632,  634 

Barometric  formulas 246 

tables 642 

Barometer,  aneroid 264 

effect  of  atmospheric  changes  245 

effect  of  temperature 246 

errors  in  leveling.   265 

rate  of  change  for  different 
elevations 245 
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Barometer  icorUintied)  page 

reading  at  sea-level 245 

Barometric  leveling 245 

field  work. . 265 

limita  of  error 267 

sources  of  error 265 

use  of  tables 266 

Base-line,  choosing  location  in 

triangulation 193 

compensating  apparatus 

for  measuring 194 

contact  apparatus  for  meas- 
uring   194 

how  to  measure 57 

locating  bridge  piers 216 

optical  apparatus  for  meas- 
uring   194 

probable   error  in   measure- 
ment   58 

Batter  boards,  use  of 208 

in  giving  lines  for  abutment.  215 

in  retaining  wall 213 

Bearing  of  a  Une,  explanation 

of Ill 

Bearings    and    Azimuths,    de- 
fined.   Ill 

Bearings,  algebraic  signs  of . . . .  378 

calculating  angles  from 3S2 

calculation  of- .  .6,  113,  378,  479 

check 380 

from  deflection  angles 382 

examples  in 381 

forms  for 391 

important  distinction 380 

rules  for 379 

for  transit  lines 381 

conversion    to    angular    dis- 
tance   379 

determined  from  Polaris ....  389 
difference  between 

true  and  magnetic 112 

forward  and  back 112 

forward  and  back  bearings.  .  112 

kept  in  a  survey 113 

magnetic 112 

plotting,  modified  methods. .  469 

precautions  in  reading 103 

reading 101 

things  to  remember  about. . .  113 

traverse  lines 382 

to    change    by    the    same 

amount 382 

true.... 112 

use  of,  in  plotting  traverses 

467,  493 

in  running  transit  lines 126 

Bench-marks,  assuming  eleva- 
tion of 235 

city....  ., 253 

definition  of 235 

establishing 253 

permanent 253 

system  for  city 235 

temporary 253 

what  to  use 253 

where  to  establish '^53 
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Blue  printing,  directions  for. . .   453 

time  of  exposure 453 

Blueprint  cloth,  how  to  prepare  454 

paper,  how  to  prepare 454 

Blueprints,  making  corrections 

on 453 

paper  for 485 

Board,  plane  table 576 

adjustment  of 604 

Books  on  magnetic  declination  541 

on  lettering 508 

Border  lines  for  maps 523 

Borrow-pits 287 

Boston  leveling-rod 232 

waterworks,  permanent  stand- 
ard for  tapes 562 

Boundaries,  method  of  locating  141 

monuments  for 211 

Boundary  lines,  omitted,  com- 
putations for 405 

referencing 211 

Boundary  survey,  illustrations 

of 176 

Bow-compasses,  use  of 442 

Bread,  use  for  cleaning  drawings  448 

Bridge  piers,  to  locate 215 

Bristol  board  protractor 456 

Brown  solar  paper,  directions 

ior  use 454 

Brush,  camel's  hair 450 

Bubble    tube,     dumpy     level, 

adjustment  of 601 

wye-level,  adjustment  of  594 
Buildings,  how  to  stake  out . , .  209 
Burt's  solar  attachment 628 

Calculated  bearings 113 

checks  for  deflection  angles.    155 

Calculation  of  areas 407 

Calculating  earthwork  by  meth- 
od of  unit  areas 429 

Camel's  hair  brush 450 

Capital    letters,    directions   for 

making 28 

Gothic 511 

study  of 511 

Carbon  paper,  use  in  keeping 

■     notes 175 

Care  of  instruments;  see  Tapes, 

Transit,  Level,   etc 

Cassiopeiae,  relation  to  Polaris.   358 

Celestial  equator 621 

pole 354,  620 

Celluloid   sheets,  use  in  topo- 
graphic surveying 348 

Centering  the  eyepiece 601 

Centers,  care  of 618 

fretting  of 619 

Certificate,  surveyor's 503 

Chaining  (also    see  Tape    and 

Steel  tape) 31 

accuracy  in 45 

across  a  river,  method  of 65 

allowable    discrepancies    in, 
comparison  of  tables 60 
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GJhaining  {eontiniKd)     ,       ,   page 
allowable    discrepancies    in, 

table  of 49 

base    line,    practical   sugges- 
tions    58 

between      two     inaccessible 

points 65 

between    two    non-intervisa- 

ble  points 55 

building    intervening,    prob- 
lem;   method 64 

care  of  steel  tape 31 

coefficients  of  precision 46 

combining  errors 52 

end   graduation  of  tape. ...  36 

errors  in 37 

in  alignment 41 

formulas  for  probable. ...  45 

limits  of 44,  46 

in  marking  tape  lengths. . .  42 
probable,  for  lines  of  diflfer- 

ent  lengths 45 

in  measuring  base  line. .  58 

in  reading  the  tape 42 

relative  importance  of . . . .  43 

sag  of  tape 41 

sources  of 39 

summary  of  sources  of . . . .  43 
table  of,  corresponding  to 

ratios  of  precision 51 

uneven  pull  of  tape 42 

general  method  of 33 

handling  of  tape 31 

how  to  obtain  precision 63 

importance  of 31 

1'uaging  accuracy 45 

imits  of  precision,  ratio  for.  47 

requirements  of 61 

locating  details 56 

making  a  chain  survey 56 

measurements,  baseline....  57 

greater    than  tape  length  34 

height  of  inaccessible 

point 65 

less  than  tape  length 34 

methods  used  on  a  slope ....  35 

obstacles 64 

precautions  to  insure  accuracy  36 

necessary 35. 

over  a  high  wall 54 

precision,  limits  of 47,  51 

probable  error  in  measuring 

base  line 68 

problems 60 

prolonging    straight    line 

through  obstacles 66 

ratio  for  limits  of  precision. .  47 
reducing    inclined    to    hori- 
zontal distances 36 

referencing  a  point 64 

requirements  of  limits  of 

precision 61 

setting  the  chaining  pins.. . .  35 

elope,  methods  of 36 

with  tape  horizontal 36 

sources  of  errors 39 
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special    work 64 

table  of  errors    correspond- 
ing to  ratios  of  precision..     61 
what  a  chainman  should  do.      37 

woods  intervening 64 

Chaining  pins,  how  to  set 36 

Chainman,  lining  in 41 

what  he  should  do 37 

what  he  should  not  do 38 

Chains 669 

comparison  with  tape 33 

how  to  read 33 

to  do  up  and  undo 32 

unit  of  measurement,  equiva- 
lents; basis  of  unit 3 

Chain  survev,  general  method  .     65 

house  and  lot 56 

Chain  tape 660 

Changing  decimal  a  foot  to 

inches 3 

Chart,  isogonic 643 

Checking  level  notes,  rules  for  242 

Checking  work 12 

Check  for  closed  polygon,  by 

bearings 127 

for  interior  angles  of  polygon  119 

on  transit  line  angles 119 

Checks  used  in  plotting 494 

Chinese  ink 447 

Chord  method  of  erecting  per- 
pendiculars    461 

of  measuring  angles 63 

of  plotting  angles 469 

bearings 469 

traverses 484 

Chromatic  aberration 649 

Circle,  area  of 407 

geometrical  properties 205 

Circular  bubbles 645 

City  survey,  illustrations 188 

Clamps,  use  of  upper  and  lower, 

on  transit 91 

Classes  of  errors 9 

Class   worth    in    making  field 

notes,  directions 30 

Cleaning    Instruments  (see   Tapes, 
Tansit,  Level,  etc.). 

Cleaning  maps 627 

Clinometer 671 

Coefficient    of  expansion  steel 

tape 40 

Coefficients  of  precision,  how  to 

determine 46 

table  of 49 

Collimation,  line  of 653 

Colored  inks,  printing  values  on 

tracings 607 

Combination  method    of  keep- 
ing notes 177,  180,  184 

Compass;  adjustments  of 602 

adjustment  of  level 602 

needle 603 

pivot  point 603 

sights 602 

advantages  of .•  293 
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Compass  (continued)  page 

arrangement  of  letting 120 

centering  pivot  point  of 603 

declination  arc,  use  of 295 

disadvantages  of 293 

duplicate  readings 295 

how  to  read 101 

leveling-up 294 

passing  an  obstruction 295 

plain  compass 575 

precautions  in  reading  bear- 
ings..    103 

prismatic  compass 576 

protecting  pivot 294 

reading  needle 294 

remagnetizing  the  needle  . . .   295 

requirements  for 275 

running  through  a  wood  ....   293 

Bolar  compass 576 

sources  of  local  attraction. . .  294 

special  forms  of 575 

surveyor's  compass 575 

tests  for 576 

use  of 294 

vernier  compass 676 

Uompasses,  drawing,  adjusting.  442 
use  of 442 

Compass-needle  for  transit ....  567 
(See  also  Magnetic  needle.) 

Compass  surveying 293 

boundary  disputes 299 

Declination  Tables,  by  T.  J. 

Bauer 299 

field  notes,  forms  for 297 

general  method 293,  295 

umits  of  precision 298 

local  attraction,  detection 

and  elimination 296 

Manual  of,  by  F.H.  Hodpnan  299 
method  of  locating  details.  •  •  296 

method  of  procedure 298 

rerunning  ridge  surveys 298 

sources  of  error 298 

where  to  run  the  lines 295 

Compensating  errors 11 

Computations  for  triangulation, 
forms  for 399 

Computing  in  relation  to  office 
work 6 

Computing   machines  in  office 
work 377 

Conjugate  foci  of  lens 547 

Consistent  accuracy  in  surveying     7 

Constant  errors,  definition  of . .  10 
elimination  of 12 

Contour,  definition  of 337 

Contour  intervals,  choosing  . . .  344 
lines,  inking  and  marking.. . .  518 
points,  elevation  of 343 

Contours,  interpolating 497 

locating  with  hand-level  ....  233 
use  in  plotting  profiles 533 

Conventional  signs  for  maps. . .  519 
tints  for  maps 523 

Coordinate  method  of  finding 
areas 418 


PAGE 

Copying  maps, 500 

Correction  coefficients  to  baro- 

metic  elevations. 643 

Corrections  for  declination  ....  637 

for  slopes  in  chaining 3f 

Cosine  and  sine  method  of  plot- 
ting angles 459 

Cosines,  logarithmic,  table  of.  718 

natural,  table  of 662 

Cotangents,  logarithmic,  table 

of. 718 

natural,  table  of 672 

Cover,    waterproof,    for   plane 

table 577 

Cross  hairs  of  telescope   (also 

see  Spider-webs) 550 

adjustment  of 586 

broken,  to  place 616 

dumi>y  level,  adjustment  of.  601 

illuminating 357 

removing  dust  from  . . .  .614,  617 

wye-level,  adjustm^it  of . , , .  593 

Cross  levels 243 

Crown  glass  lens 549 

Cube  roots,  table  of 683 

Cubes,  table  of 683 

Cumulative  errors 11 

Curb,  to  set  grade  stakes  for.  • .  282 
Curvature  of  the  earth,  formu- 
la for 2 

Curved  ruler,  use  of 442 

Curves,  degree  of,  definition. .  •  282 

field  work  of  running  in 206 

flexible  rulers  for 443 

formulas  for 205 

geometrical  principles  of . . . .  204 

mking 447 

laying  out  by  offsets  from 

chords  produced 207 

lofig  chord 208 

by  tangent  offsets 207 

with  tape 207 

length  of,  definition  of. 205 

picking  up  a  tangent 206 

vertical 282 

staking  out 289 

Cut  and  tiir 428 

estimates  of 432 

estimates  for  grading 287 

estimating  from  contour  map  435 

Cyclotomic  transit 664 

Daily  path  of  sun 622 

Datum,  definition  of 234 

line. 234 

plane 234 

Decimals  of  a  foot,  changing 

to  inches 3 

for  each  32nd  of  inch 650 

Declination,  algebraic  signs  . . .  621 

correction  for 636 

correction  for  change 636 

magnetic Ill 

of  magnetic  needle 542 

the  sun's 621,  622 
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Declination  arc  of  compass. . . .  295 

Declinator  for  plane  table 577 

Defects  of  telescopes 553 

I>efinition  of  telescope 553 

tests  for 556 

D^ection  angles,  (see  also  An- 
gles, deflection), 
check  for  calculated  bearings  155 

curves 204 

definition  of 117 

explanation  of 98 

measuring 100 

Detachable  leaves  for  field  note- 
books     175 

Determination  of 

elevation  of  points 5 

latitude 632 

meridian 354 

by  direct  observation  on 

Sim,  disadvantages 637 

by  double  altitude  method  632 
paper  on,  by  A.  W.  Bar- 
ber  632 

with  solar  attachment 630 

by  solar  observation 620 

by  sun's  altitude. 624 

forms  for  computation. .   627 
method  of  procedure  for 

computation 625 

method  of  precedure  for 

observation 624 

modified  method  of  ob- 
servation   625 

from  sun  at  noon 632 

probable  errors 17 

sea  level 1 

Diagonal  eyepiece  for  transit. .   566 

Diamond  targets 572 

Dictionary  ofaltitudes 253 

Differential  leveling,  definition 

of 242 

field  work 250 

forms  of  notes 241 

Difference     in     elevation     ex- 
plained        2 

Dimension  lines  of  maps 507 

Dip  of  the  magnetic  needle ....   541 
Direct  angles,  (see  Angles  direct). 

Direct  vernier 540 

Discrepancies  in  chaining,  ta- 
bles of 49,  50 

Discrepancv 11 

Distances,  horizontal;  vertical; 

explained 2 

measurements  in  stadia  sur- 
veying    309 

reducing    inclined    to    hori- 
zontal      36 

Distribution  of  errors 14 

Diurnal  variation  of  magnetic 

needle 542 

Dividers,  use  of 441 

Division  in  office  computations  365 

abridged  methods 366 

rules  for  checking 367 


PAGE 

Double-convex    lenses,    theory 

of 646 

Double  longitude 416 

to  find 416 

Drafting-room  methods 444 

Drawing,  books  on 438 

in  relation  to  office  work. ...  6 

Drawings,  two  kinds  of 361 

Dumpy  level 570 

adiustments  of 600 

bubble-tube 601 

cross-hairs 601 

principal  lines 600        j 

standards 601 

advantage  of  fixed  tube 601 

value  of  level-bubble  for. . . .  645 

Earth's  axis,  length  of 1 

curvature,  formula  for 2 

surface,  definition  of 1 

Earthwork  computations. ....  428 

books  on 436 

choosing  size  of  unit  squares .   432 

cut  ana  fill,  estimating 432 

estimating    from    contour 

map 435 

running  out  to  zero 432 

end  area  formula 434 

finished  surface,  inclined. . . .   430 

formulas  for,  compared 434 

inclined  surfaces 433 

interpolation    of    elevations, 

graphic  method  of 433 

irregular  areas 431 

method  of  procedure 431 

prismoidal  formula 434 

for  a  continuous  line 435 

three  level  sections 435 

uneven  ground.  * 432 

unit  triangles,  formula  for. .   432 

use  of  diagram 435 

Eccentricity  of     transit,      test 

for 568 

Elevation,  difference  in 2 

Elevations,     corresponding    to 

barometric  readings,  table  642 
finding      by      trigonometric 

methods 244 

Elimination  of  constant  errors     12 

Ellipse,  area  of 407 

Elongation  of  Polaris,  observ- 
ing    356 

time  of 357 

table  of  times 646 

Emergency   repairs    for    sheet 

tapes 611 

End  graduation  of  tape 35 

Endless  chain  leveling  rod 572 

"Engineers*  Surveying  Instru- 
ments," Baker 537 

Engineers'  chain 559 

English  units  and  metric  equiv- 
alents    407 

measure  converted  to  metric 
table 660 
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Equal   altitudes;    methods   of 

observation 634 

Equipment 8 

for  level  party 248 

Equivalents,  English,  of  metric 

measurements 407 

metric,  of  English  measure- 
ments   407 

Erasing 447 

shield 448 

on  tracing  cloth 452 

Erecting  eyepiece  of  telescope..  552 

Errors 9 

alignment 41 

angular  measurements 104 

finear     error     correspond- 
ing to  one  inch 105 

relative  importance  of . . . .   104 

sources  of 104 

caused    by    poor    set-up    of 

transit 89 

chaining,  combining 52 

due  to  uneven  pull  of  tape     42 

due  to  sag  of  tape 41 

formulas   for   probable 

errors 45 

limits  of 44,  46 

lines  of  different  lengths. ..     45 

marking  tape  lengths 42 

reading  the  tape 42 

relative  importance  of 

sources 43 

sources  of 39 

sunomary  of  sources 43 

classes  of 9 

closure 119 

determined    by    latitudes 

and  departures 386 

permissible  in  transit  siu*- 
veying,  formulas  for. .. .   161 

compass    surveying 298 

constant,  elimination  of . . . .      12 

explanation  of  classes  of 10 

expressed  by  a  ratio 39 

index 98 

sextant 606 

instrumental,     customary 

limits  of 108 

elimination  of 106 

natural  sources  of 106 

permissible 109 

in  setting  up  transit 104 

in  sighting 105 

tables   of   permissible,    in 

sum  of  angles 101 

length  of  tape ; . .     39 

to  apply  tape  corrections..     40 

levding 255 

customary  limits 255 

limits  of,  in  chaining 44,  46 

in  leveling 255 

instrumental 108 

in  surveying 7 

in  triangulation 199 

linear  measurements 39 


Errors  (continued)  page 

plotting    the   map,    how  to 

run  down 495 

plane  table  surveying 329 

plus  and  minus 9 

prevention   and   elimination 

of 12 

probable,  uses  and  assump- 
tions        16 

relation  to  discrepancy 11 

relative  importance  of 13 

sag  of  tape .^rr-. 41 

sources  of 9 

in  chaining 39 

in  compass  surveying 298 

instrumental 106 

in     measuring     horizontal 

angles 96 

in  stadia  surveying 312 

in  triangulation 191 

stadia     surveying,    allow- 
able  314 

sources  of 312 

surveying 7 

limits  of 7 

table  corresponding  to  ratios 

of  precision 51 

tape,  to  apply  correction. ...     40 

not  horizontal 40 

length  of 39 

not  stretched  tight 40 

temperature  of  tape 40 

theory  of 15 

in  transit  surveying 159 

in  triangulation,  limits  of. .    199 
Establishing  lines  and  points...       5 
points  and  lines  of  reference.       6 
Expansion  coefficient  for  steel 

tape 40 

Explanatory     notes     in     field 

notes 21,  23 

on  maps 527 

Eyelet  hole  for  riveting  tape. . .  609 

Eyepiece,  centering 601 

dirt  on 614 

moving  too  freely,  to  stop. . .  616 

sextant 578 

telescope 549 

erectile,  theory  of 552 

non-erectmg 555 

theory  of. 550 

variable  power 556 

Farm  survey 211 

Fence  posts,  where  to  set 202 

Fences  along  streets,  how  to 

set , 202 

where  to  set 202 

Field  notes,  capital  letters 28 

definition  of 20 

directions  for  classwork 30 

explanatory  notes,  object  of.     23 

placing  the  notes 24 

when  needed 24 

final  suggestions 29 

general  sugC"%tions 21 
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height  of  letters 29 

importance  of 20 

lettering 23 

methods  of  keeping 20 

methods  of  working  up 477 

niunerals 27 

nimierioal  values,  directions.     22 

recording  measurements 22 

relation  to  general  methods 

of  surveying 6 

sketches,  directions 23 

spacing  letters 29 

three  parts  of 21 

topo^aphic  surveying 346 

transit  surveying 164 

trian^ulation 198 

working  upy  preparatory  to 
plottmg 477 

Field  note  book 175 

Field  work,  important  questions       6 

primary  operations 5 

routine  in  leveling 250 

transit  surveying 149 

Field  rod 259 

Field  of  telescope,  size  of 554 

tests  for 656 

Filing  system  for  drawings  and 
note  Dooks 528 

Fixed  tube,  dumpy  level,  advan- 
tages of 601 

Finishing   the  map     (also  see 

Lettering  the  map) 361 

arrangements  for 503 

arrow  head 507 

border  lines  for 503,  523 

colored  inks 507 

contour  lines. , 518 

conventional  signs. . , 519 

conventional  tints 523 

dimension  lines 607 

explanatory  notes  on 527 

general    method    of    proce- 
dure    503 

giving  the  scale 626 

inking 505,  506 

inking  contour  lines 618  . 

keys ,.,, 627 

legends 527 

lettering 505,  507 

marking  contour  lines 518 

meridian  needles 626 

method  of  procedure  in 503 

mistakes  in  drawing  contours  519 

names  of  details  on 506 

names  of  streets  and  streams  505 

outlines,  shading 606 

precedure,  method  of 503 

proper  names 606 

scale  for 626 

section  lining 522 

style  of  lettering 508 

suggestions  for  arangements.  605 

surveyor's  certificate , .  527 

tinting 522 
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titles 505,  623 

tracings 507 

colored  inks  for 607 

use  of  colored  inks 507 

water  linings 522 

what    should    appear    on 

maps 502 

Flags,     dififerent     colors,     for 

soundings 203 

Flexible  curves 443 

leveling  rod 572 

Flint  glass  lens 549 

Fluid  used  in  spirit-levd 644 

Flying  levels 243 

Focal  length  of  lens. 647 

Focus  of  lens,  principal 546 

Focusing  rack  of  telescope 650 

slides,  care  of 615 

fretting,  to  stop 615 

Foot,  decimals  of,  changing  to 

inches 3 

decimals    of,    for  each    32d 

of  an  inch 650 

divisions  of,  used  in  survey* 

ing 3 

Foresight  in  leveling 236 

in  measuring  an^es 90 

Foresights,  length  of 251 

permanent 281 

Formation  of  images 548 

Forms  for  calculation  of  bear- 
ings   391 

for  computations,  of  areas...  413 
latitudes  and  departures. .  390 

meridian 627 

omitted  measurements. . . .  405 

plotting  off  land 424,  426 

triangulation 399 

for  notes  in  leveling 239 

for  tabulating  field  notes. . . .    169 
latitudes  and  departures. .  394 
Formulas  for  probable  errors. .      17 
Forward  and  back  bearings  of 

aline 112 

Francke's  rule  for  areas 412  . 

Free  hand  lettering 24 

nimierals , 27 

Full  circle  system  of  number- 
ing limb 21 

Fundamental  principles  of  sur- 
veying...,        1 

Gage  line,  definition  of 157 

Gannatt's    dictionary   of   aliA- 

tudes 253 

General  methods  of  surveying..       5 
Geometrical  figures,  area  of . . ..  407 

principles  of  curves 204 

properties  of  circles 205 

Geodetic    surveying,    relation 

to  plane  surveying 2 

defined 191 

Gothic  alphabet 508 

Grade,  defined 243 
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calculating,  relation  to  gen- 
eral methods  of  surve^'ing.       6 
laying  out  on  plotted  profiles  533 

per  cent 243 

shooting  in 260 

elevations 428 

Grade-rod 243 

Grade-slats 383 

Grade-stakes  for  curb 282 

how  to  mark 260 

illustration  of  setting 281 

methods  of  setting 258 

Gradient,  how  to  find 428 

Gradienter,  leveling  with ......  245 

for  transit 566 

Grading  estimates  for  cut  and 

fiU 287 

Graduated  arcs,  to  clean 612 

Graduation  of  tape 560 

of  transit,  tests  for 568 

Graphic  methods  in  office  com- 
putations   377 

Great  dipper 355 

Gunter's  chain 3,  559 

Hand  level 570 

locating  contours  with 233 

use  of 233 

Hatching  for  topographic  maps  519 

High  power  telescope 555 

Highway,  how  to  stake  out.. . .  212 
Highway  survey,  illustration....  184 

Hinge  leveling  rod 672 

Horizon 621 

Horizon  glass  for  sextant 578 

adjustment  of 605 

Horizontal    angles,    measuring 

with  sextant 578 

Horizontal     control,    choosing 

stations. 431 

methods   of   in    topographic 

surveying 431 

Horizontal  measurements;  dis- 
tances; angles;  projection; 

explained 2 

Horizontal  plane  defined 1 

Horizontal  plates  of  transit. ...     67 

Hour-«ngle 622 

Hou£e-lot,  how  to  stake  out. . .  210 

Illumination  of  telescope 554 

Images,  formation  of  by  lenses.  548 
relation  of  brightness  of  to 
magnifying  power 654 

Inclined  distances  reduced  to 

horizontal ;  table 651 

Index  glass  for  sextant 678 

adjustment  of 604 

Index  error 98 

sextant,  to  determine 606 

Ind'a  ink,  how  to  mix 447 

Inking,  curves 442 

suggestions  for 446 

the  map 606 

lines, ^40 
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wide  lines 447 

Inner  spindle  for  transit 663 

Instrumental  errors  in  angular 

measurements 104 

Instrumental  sources  of  errors.       9 
Instruments,  adjustments  of  .6,  681 

care  of 6,  607 

centers,    spindles    and 

sockets '. . .  618 

precautions 607 

things  not  to  do 607 

drawing,  use  of 438 

lubricants  for 611 

study  of 637 

surveying 537 

primary  parts  of  (see  also 
Vernier,  Magnetic  needle. 
Level-bubble,  Lens   and 

Telescope) 538 

topographic 346 

Intermediate    stations,    sights 

on 263 

Interpolating  contours,  home- 
made device  for 498 

tracing  cloth  method 497 

Interpolation  of  elevations 433 

Iron  pipes  for  boundary  monu- 
ments   211 

Iron  rod  for  boundary  monu- 
ments   211 

Irregular    variations    of   mag- 
netic needle 543 

Isogonic  chart 543,  638 

hnes 543 

Jacob's  sta£F  for  compass 676 

Johnson's  plane  table 677 

Knot,  how  to  tie  sliding  knot...     86 

Land    and    bu41  dings    survey, 

illustrations  of 180 

Latitude,  determination  of 632 

from  observation  on  Po- 
laris   633 

from  observation  with 

solar  attachment 633 

from   observation    on   the 

sun ,  633 

effect  of,  on  azimuth 356 

length  in  feet  of,  for  1  foot..  661 

relation  to  Polaris 356 

Latitude  and  departures 383 

algebraic  signs  for 384 

application  to  polygon 386 

system  of  transit  lines. . , .  385 

balancing  a  survey 395 

methods  of 396 

suggestions    by    Mr.    E. 

Sherman  Gould 397 

bearings  to  use 387 

checks 389 

complete  example 389 

computing  from  azimuth. ...  387 
computations,  forms  of.. .  390,  ovc 
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Latitude   and   departures,      page 
comoutation  of  (contintied) 

methods 387 

determining  error  of  closure.  386 

finding,  method  of 387 

rules  for 384 

forms  for  computations.  .390,  393 

for  tabulating 394 

methods  of  finding 387 

by  computations 387 

from  traverse  tables .  ^  . . . .  387 

example  of 388 

by  trigonometry 388 

method  of  plotting  angles .  461 
relation    to    bearing    and 

length 400 

running  down  mistakes. . .  389 

tabulating 394 

use  in  plotting  traverses. .   493 
Laying    off    measurements    to 

s^e 448 

plus  stations 449 

Least  count  of  vernier,  to  deter- 
mine  638.  640 

Least    squares,    abbreviatea 

methods 18 

method  of,  defined 15 

applied  to  angles 19 

Legends  for  maps 627 

Lens,  achromatic 649 

crown  glass 649 

flint  glass 649 

Lenses,  care  of 614 

concavo-convex 649 

dififerent  forms  of 646 

double-convex 646 

haziness  in 614 

plano-convex,  in  eyepiece, 

646,  663 

theory  of 645 

aberration,  chromatic 649 

spherical 649 

application  to  telescope . . .  660 

conjugate  fod 647 

different  forms  of  lenses. . .  646 

focal  length 647 

formation  of  images 548 

optical  centre 646 

principal  axis 646 

principal  focus 646 

secondary  axis 647 

shape  of  sui-face 546 

three  general  propositions.  546 

I^ettering,  books  on 508 

field  notes 23 

free  hand 24 

capitals 28 

height  of  letters 29 

spacing    and    compressing 

letters 29 

maps 607 

profiles 634,  535 

Reinhardt's  system 24 

XiCttering  the  map. 505 

common    defects    in    letter- 
ing  516 


Lettering  the  map  (con^nuecQ  paob 

general  suggestions  for 517 

inking  in  letters 515 

penciling  the  letters 510 

printing  bearings 51 7 

printing  linear  measure 

ments 517 

printing  values  on  angles. . . .  517 
prominence,  how  to  gain. . . .   518 

proportions  of  letters 510 

sizes  of  letters 509 

spacing 516 

Level 569 

Abney  hand  level 571 

architect's  level 671 

dinometer 571 

compass,  adjustment  of 602 

delicacy  of 227 

efifect  of  temperature  on 227 

hand-level 570 

home-made  levels 671 

Locke's  hand-level 670 

plane  table,  adjustment  of.. .  604 

predsion  levd 670 

sensitiveness  required 569 

setting  up 227 

spedal  forms  of 570 

telescope,  use  of 227 

magnifying  power  of 555 

testff  for  the  levd 571 

us«  of 226 

wye-level 669 

Level-bubble 544.  570 

axis  of  the  bubble  defined. . .  544 

drcular  bubbles 545 

effect  of  heat  on  tube 544 

fluid  used 544 

plumbing-levds 545 

radius  of  curvature,  formula.  545 
relation     to    magnifying 

power. .« 545,  555 

repairing 613 

•'reversion"  bubble-tube...   570 
sensitiveness  of  bubble,  to 

test 645 

value   of;    how  expressed. .  544 

for  plate  levds 545 

for  trandt 545 

for    wye-levd    or    dumpy 

level 546 

tube*,  how  graduated 544 

how  ground 544 

to  repair 613 

Level  notes 6 

forms  for 256 

Level  party 248 

equipment  for 248 

Level  surface,  defined 1 

Leveling,  abbreviations  in  notes  237 

accidental  errors 275 

accurate  method   of   proce- 
dure   279 

allowable  error,  formula  for.  276 

assuming  a  datum 250 

average  speed 276 

backdght,  definition  of 236 
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barometric 245»  265 

bench-marka 278 

for  street  railways 280 

bubble  tender 278 

checking  levels 254 

checking  notes,  rules  for 242 

choosing  turning  points 252 

dosing  error,  definition  of . . .  275 

coefficient  of  precision 276 

Chicago    Sanitary  Dis- 
trict  276 

Mississippi  River  Commis- 
sion  276 

N.  Y.  Barge  and  Canal  Sur- 
vey   278 

in  railway  location 276 

U.  S.  Geological  Survey. . .  276 
comparison    of    target    and 

direct  readings 271 

of  turning  points  and  inter- 
mediate stations 239 

constant   errors,  how  elimi- 
nated   274 

correction    for       assumed 

bench-^nark 250 

for     combined     curvature 
and  refraction,  table  for  273 

for  refraction 273 

table  for 273 

curb,    setting    grade    stakes 

for 282 

customary   limits    of 

error 276 

cut  and  fill 287 

datum 250 

definition  of 234 

differential,  field  routine. . . .  250 
directions  for, summary 

of 260 

discrepancy  per  mile 276 

India 276 

Switzerland 276 

duplicate  lines ; 278 

elimination  of  errors 274 

equal   foresights  and  back- 
sights  278 

errors 267  . 

accidental 275 

accumulation    of    dirt...  270 

adjustments 268 

allowable,  formula  for 276 

change  in  length  of  level 

rod. 272 

change  in  position  of  transit  271 

dosing,  definition  of 275 

formula  for 255 

computing 274 

constant,  how  eliminated.  274 
curvature  and  refraction  273 
defect  of  joint  in  rod...  269 
displacement  of  bubble. . .  269 

disturbing  of  levH 272 

effect    of    sun    and 

wind 272 

elimination  of 274 
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feet    corresponding  to  dif- 
ferent   displacements  of 

bubble 264 

imperfect  adjustment....  268 

instrumental 268 

limits  of 275 

lining  of  level  rod 270 

movement  of  object-glass 

slide 268 

natural  causes 272 

permissible,  table  of 277 

personal 274 

probable,  in  sighting  the 

target 271 

reading  rod  directly 271 

rod  graduation 269 

settling  of    instrument . . .  271 

settling  of  a  turning  point .  272 

sighting,  causes  of. 270 

sluggish  bubble 268 

sources  of 268 

essential  steps  in 235 

establishing  points  at  given 

elevations 243 

field  notes 268 

field  work 248 

routine  of 250 

first  things  to  know 249 

foresight,  definition  of 236 

permanent 281 

forms  of  notes 239 

formulas  for 237 

for  allowable  error 276 

for  errors  of  closure 255 

grade  rod  method 282 

grades  for  pavements 282 

shooting 281,  283 

grade  pole  for  sewers 283 

grade  stakes,  setting, 

268,  281.  287 
grade    work,       instructions 

for 277 

gradienter 245 

height  of  instrument,  defini- 
tion of 236 

how  close  to  check 254 

illustration  of 238 

instrument,  height  of 236 

instrumental  errors 268 

instructions  for  grade  work. .  277 
intermediate     stations      de- 
fined   238 

judging    precision,    method 

of 275 

limits  of  errors 275 

line  of  shafting 287 

measurements,     pandld     to 

sewer 284 

methods  of  procedure 279 

reading  a  rod 249 

topographic  surveying. . . .  343 

minus  and  plus  sights 237 

mirrors ,  use  of 275 

mistakes,  how  to  avoid 274 

in  manipulating  the  level..  269 
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ia  recording 274 

in  setting  up 251 

notes  for  sewer 284 

notes,  rules  for  checking 242 

numbering  stations 254 

one-piece    rod,    advantages 

of 275 

pavements,  grades  for 282 

permanent  foresight 281 

personal  errors 274 

plane  of  sight 235 

plumbing  level 278 

plus  and  minus  sights 237 

precision,  methods  of  judg- 
ing   275 

probable  error  of  sighting  the 

target 271 

procedure,  method  of 279 

profile,  field  routine 251 

of  a  street 280 

reading  the  rod,  methods  of  249 

rodmen,  two,  use  of 279 

rubber  band,   use  of 281 

rules  for  checking  notes 242 

running  in  opposite  direc- 
tions   264 

setting  grade  stakes  258, 280,  287 

for  curb 282 

illustration  of 281 

level  grade 288 

Eloping    grade,  one  direc- 
tion  288 

two  directions 288 

sewer 283 

grade  pole  for 283 

illustration  of 286 

measurements  parallel  to..  284 

notes  for 284 

shafting,  line  of 287 

shooting  in  a  grade . .  260, 280,  283 
Fighting,  causes  of  errors  in  270 
sighting  the  target,  probable 

error  of 271 

signals 248 

special  work  in 280 

speed  in 255,  276 

staking  out  a  vertical  curve..  289 

stations,  defined 235 

intermediate 238 

numbering 254 

starting  point 249 

steel  turning  point 252,  278 

street,  profile  of 280 

suggestions  for 260 

surfaces  above  the  instru- 
ment   237 

table  of  errors  in  feet  corres- 
ponding to  dififerent  dis- 
placements of  bubble 269 

table  of  permissible  errors. ..  277 

theory  of 234,  237 

topographic     surveying, 

methods  used  in 343 

trigonometric 200,  244,  263 

use  of  stadia  method.  .305,  308 


Leveling  (continued)                page 
turning-points,  choosing ....  252 
comparison  with  interme- 
diate stations 239 

definition  of 238 

steel 252,  278 

two  essential  steps 235 

use  of  two  rodmen 279 

vertical  curve 282 

to  stake  out 289 

vertical  parabola 289 

where  to  set  level 251 

Leveling  rods 671 

advantages    of  one-piece 

rod 275 

angle  target 672 

automatic 572 

check  target 270 

common  mistakes  in   read- 
ing  229,  270 

"danger    points"   in     read- 
ing    270 

devices  for  holding  plumb. . .   270 

diamond  target 672 

endless  chain  rods 672 

errors  in  jointed  rods 232 

marking  in 232 

extended,  how  to  read 231 

flexible  rods 672 

graduating  upper  half 232 

high  rod,  how  to  use 231 

testily? 232 

hinge  rod 672 

holding  plumb,  devices  for. .    270 

importance  of 270 

how  to  hold 672 

how  to  use  high  rod 231 

marking  errors  in 232 

mistakes  in  reading 229,  270 

New  York  rod 571 

Philadelphia  rod 571 

plumbing  level 673 

purpose  of  swaying 270 

quadrant  target 572 

reading 227 

* '  danger  points  "in 270 

mistakes  in 229,  270 

scale  target 572 

selfreading  rods 571 

singlepiece  rod 672 

speaking  rods 571 

special  forms 672 

swaying,  purpose  of 270 

target  rod 671 

targets 672 

angle 672 

check 270 

diamond 672 

quadrant 672 

scale 672 

vernier 572 

tests  for 232 

high  rod 232 

in  sighting 313 

with  tape 232 

vernier  for 640 
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Leveling  rods  (eorUinued)        page 

vernier  target 572 

when  to   hold   bottom   end 

up 237 

Levelman,  duties  of 263 

eqiii(»nent  for 248 

Light,  proportion   of,    passing 

tnrough  lens 554 

Limb  graduations  of  transit  . .     67 

Limb  of  transit 563 

reading,  for  angles 68 

methods  illustrated 69 

tonmion  mistakes 69 

LiOnits  of  error,  in  angular  meas- 
urements.    108 

in  chaining 46,  144 

table   of  permissible    errors.  110 
Limits  of  precision,  expressed 

by  ratio 47 

requirements  of 51 

Linear  measurements,  adjust- 
ing,.  478 

correcting 478 

Linear  units  of  measurement . .       3 

Line,  agonic 543 

Line  of  sight 553 

Line  of  collimation 553 

Lines,  isogonic 543 

Lining  in 41 

with  transit 91 

Link,  reduction  to  feet 3 

unit  of  measurement:  equiv- 
alents        3 

Little  dipper 355 

Local    attraction    of   magnetic 

needle 543 

Locating,  details 5 

by  anglec  and  distances. . .   134 

boundaries 141 

curves  by  angles  and  dis- 

ances 135 

curves  by  oflfsets 138 

irregular  lines  by  offsets....  138 

methods  of 132 

involving  angular  meas- 
urements    134 

involving    linear    meas- 
urements only 138 

by  oblique  offsets 140 

objects,   by  angles  and   dis- 
tances    134 

by     asdmuths    and     dis- 
tances    134 

by  oblique  measur^nents..  139 

by  offsets 138 

practical  suggestions  for....  158 

rectangular 144 

tie  lines,  use  of ,  in 140 

transit  lines 133 

rdation  between  angular 
and  linear  measure- 
ments    158 

points,  by   intersecting 

angles 137 

methods  of 4 

three  point  method 138 


page 

Location  of  Polaris 354 

Locke's  hand  level 570 

Logarithmic     computations, 

forms  for 399 

of    latitudes   and   depart- 
ures   393 

forms  for 393 

in  office  work 374 

Logarithmic  cosines,  table  of. .   718 

cotangents,  table  of 718 

sines,  table  of 718 

tangents,  table  of 718 

Logarithms,  table  of 700 

Longitude,  converted  to  time, 

table  of 648 

of  a  course 414 

length  in  feet  of,  for  1  foot  ..  661 

Lower  plate  of  transit 563 

Leveling  head  of  transit 563 

Lubricants,  compared 618 

for  instruments 611 

Machine  shop  practice,  use  of 

surveying  instruments. ...  212 

Machinery,  how  to  locate 212 

Magnetic  bearing  of  a  line 1 12 

Magnetic  declination 541 

annual   change    in   varia- 
tion   542 

to  balance 612 

definition  of Ill 

determination  of 360 

tables  of ., 299 

tables  and  isogonic  charts  for 

1902— Bauer 541 

Magnetic  needle 541 

agonic  line  in  the  U.  S 543 

annual  variation 543 

azimuth,  use  in  checking. . .  .^.124 

dip  of  the  needle .*  541 

diurnal  variation 542 

irregular  variations 543 

isogonic  lines 543 

local  attraction  of 543 

effect  on  old  survey 543 

common  sources 543 

•'Principal     Facts    Relating 
to     Earth's    Magnetism  ** 

Bauer 541 

to  remagnetize 613 

requirements  for 576 

secular  variations 541 

to  straighten 603 

table  of  variations 643 

use  in  checking  azimuth 124 

variations  of  declinations. ...  541 

annual 543 

diurnal 542 

irregular 543 

Portland,  Me 542 

San  Francisco,  Cal 542 

secular 541 

table  of 643 

Magnifying  power  of  telescope.  554 

relation  to  lev^l-bubble 5i^ 
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Magniftino  power  of  tel-         pagb 
escope  (cont'd) 

relation  to  vernier. . . « 567 

tests  for 667 

Maps,    copying   and    transfer- 

nn^ 600 

finishing  up 6.  602 

hatching  for 610 

plotting 486 

dpecial      purposes,     require- 
ments for 603 

topographic  surveying. .  338,  603 

Masonry,  giving  lines  for 208 

Mean  polar  distances,  table  of..  633 
Mean    refraction    corrections, 

table    of.. 624 

Measurements,     adjusting     in 

the  office 478 

adjustments 13 

allowable     discrepancy    be- 
tween stadia  and  tape  ..  314 

angles 6 

errors 104 

horizontal,  with  sextant.. .  678 
reduction  of  errors  in  tri- 

angulation 192 

triangulation ,  method  of . . .   1 94 
trigonometric  methods. ...     63 

vertical,  with  sextant 679 

angular,  methods  of  judging 

precision  of 107 

units  of 3 

base  line,  efifect  of  error  in 

triangulation 192 

how  to  measure 67 

between  inaccessible   points 

66,  222 

between  stadia  and  tape,  al- 
lowable discrepancy 314 

chaining 34 

requiring  accuracy 45 

conditions  which  affect  ac- 
curacy    108 

correcting  in  the  office 478 

discrepancy   between   stadia 

and  tape 314 

distances 5 

how  close  to  measure 309 

errors 9 

in  angular 104 

in  linear 39 

height  of  inaccessible    point 

66.  222 
horizontal,  angles,  with  sex- 
tant   678 

explanation  of 2 

how   close  to  measure   dis- 
tances   309 

how  to  measure  a  base  line. .     67 
inaccessible  points 

to  and  between 66,  222 

linear,  errors  in 39 

methods  used  in  locating 

details 138 

relation   between    angular 
and 168 


Mbasurembnts,  linear  (ct'd)     page 

units  of 3 

-methods  of  reducing  stadia. .  480 

miscellaneous  units  of 3 

omitted  (see  Omitted  meas- 
urements) 

used  in  plane  surveying 2 

plotting. 167 

precision  in,  conditions  which 

affect 108 

methods  of  judging 107 

probable  values,  how  found..     13 
purpose    of    correcting    and 

adjusting 478 

record 157 

record  of,  in  field  work 21 

recording 22 

reducing  stadia,  methods  of.  480 
related    quantities,    adjust- 
ment of 14 

relation    between    angular 
and    linear    in  locating 

details 168 

same   quantity,   adjustment 

of 13 

stadia,  allowable  discrepancy 

table 314 

methods  of  reducing 480 

to  inaccessible  points. . .     65,  222 
units  of;  angular,  linear,  mis- 
cellaneous        3 

vertical,  explanation  of 2 

angles,  with  sextant 679 

Mechanical   methods   in   office 

computations 377 

Mechanical  drawing,  introduc- 
tory course  in 445 

Merestones 209 

for  marking  street  lines 202 

referencing 203 

Meridian,  determination  of . . . .   364 
by   direct    observation  on 

sun 637 

by  double  altitude  method.  632 

by  solar  observation 620 

by  Sim's  altitude. 624 

from  sun  at  noon 632 

in  high  altitudes 634 

rough  determination 359 

different  reference  meridians.  124 

in   high   latitudes 634 

reference 124 

in  topographic  surveying. .   34.1 

rou^h  determination  of 359 

Meridian  needles,  designs  for . .  626 

Method  of  keeping  field  notes     20 

of  least  squares,  abbreviated     18 

applied  to  angles 19 

definition  of 15 

fundamental  assumptions.     15 
of  plane  table  surveying... 
(see  Plane   table   survey- 
ing)   

of  plotting  angles 455 

traverses ,  463 

of  reversion  of  instruments. .  583 
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Method    of   working   up  field 

notes 477 

M^er,   unit   of  measurement; 

equivalents 3 

Metric  measure   converted   to 

English:  table 660 

system  and  English  equiva- 
lents of  areas 407 

Minus  and  plus  errors,  explana- 
tion of 9 

Minutes  in  decimals  of  a  degree; 

table 660 

Mirrors,  use  in  leveling 275 

Missing  data,  supplying 480 

Mistakes,  denned 10 

in      reading     the      limb    of 
transit 69,  71 

Mizar,  rdation  to  Polaris 356 

Monuments  for  boundaries 211 

for  marking  street  lines 202 

Most  ijrobable  value,  how  ob- 
tained      15 

use  of 15 

Multiplication,    abridged,    use 
of  in  stadia  reduction 481 

Multiplication   in    office    com- 
putation  364 

abridged  methods 365 

rules  for  checking 366 

Multiplication  tables,  for  office 
computations 376 

National  Bureau  of  Standards.  561 

Natural  sources  of  errors 9 

Nautical  almanac 622 

Needle,    compass,    adjustment  603 

New  York  leveling  rod 231,  571 

Non-erecting  eyepiece  of  tele- 
scope   550 

Note-book  for  office  computa- 
tions   363 

Numbering  Umb;   combination 
full-circle    and    half-circle 

system 73 

combination     of     full-circle 

and  quadrant  system 75 

full-circle  system 71 

quadrant    syst^n     for     de- 
flection angles 75 

Numbering  limb  graduation  of 

transit 67 

Numbering  stations,  plus  syst^n  254 
Numerals  in  field  notes,  direc- 
tions      27 

Numerical  values  in  notes... 22,.  21 

Object  glass  of  telescope 549 

moving  too  freelv  to  stop  ...  616 

I>roportion  of  light  to  size. .  .   554 

Ob ject-i^ass  slide,  adjustment  of  602 

Oblique  triangles,  area  of 408 

Obstacles,  to  prolong  straight 

line  througn 66 

Obstacles  to  chaining 54 

problems..,,., ,     64 
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Obstacles  to  transit  surveying.  216 

Office  computations 362 

abridged  addition 372 

division 366 

multiplication 365 

subtraction 372 

accuracy  of 371 

consistent 370 

how  determined 370 

addition,  shortening 372 

algebraic  sisns  for  angles. . . .  375 

aneles,  algebraic  si^ns 375 

now  best  determined 376 

application  of  rules  for  short- 
ening  373 

approximate  checks 362 

arithmetical,  checks 368 

short  cuts  in 364 

arrangement  of 363 

certain  figures,  number  of. . .  370 

checks  for 269 

approximate 362 

arithmetical 368 

for  arithmetical  computa- 
tions   369 

division 367,  369 

importance  of 362 

miHti plication 366,  369 

second  differences 368 

subtraction 369 

consistent  accuracy 370 

Crelle's  multiplication  tables  376 

determining  accuracy 370 

angles 375 

quantities 375 

devices  for  reading  tables. . .  375 

different  kinds  of 361 

division,  abridged 366,  372 

long 365 

economic  method  of  proced- 
ure  364 

effect  of  uncertain  figures. . .  371 

eliminating  worthless  figures  369 

figures,  certain  number  of . . .  370 

significant,  number  of . . . .  370 

uncertain,  effect  of 371 

number  of 371 

worthless,  eliminating  of.  369 

graphic  methods 377 

importance  of  checking 362 

interpolating  logarithms, 

method  of. 374 

large  numbers ,  square  roots  of  368 
logarithmic  computations. . .  37.4 

logarithms  J  looking  up 374 

memorizing 375 

methods    of    interpolating  374 
saving  time  in  looking  up  374 

long  division 365 

mechanical  method 377 

marking  trigonometric  tables  375 

memorizing  logarithms 375 

methods  of. 362 

economic 364 

graphic. , 377 
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methods  ot  (^contintied) 

interpolating  logarithirs . .  374 

mechanical 377 

systematic 363 

multiplication 364 

*   abndged 366,371 

checking 366 

tables— Crelle's 376 

note  book 363 

separate  leaf 363 

number  of  certain  figures. ...  370 

of  significant  figures 370 

of  uncertain  figures 371 

numbers,  large,  square  root  of  368 

small,  to  square 367 

square  root  of 367 

order  of  procedure 363 

planimeter 376 

quantities,  how  best  deter- 
mined   375 

reading  tables,  devices  for. . .   376 

rules  for  shortening 373 

saving   time    in  looking    up 

logarithms 374 

second   differences,  checking 

by 368 

separate  leaf  note-book 363 

shortening 371 

addition 372 

application  of  rules 373 

arithmetical  work 364 

division 372 

multiplication 371 

subtraction 372 

significant  figures,  number  of  370 
sines  or  tangents,   which  to 

use 375 

special  tables 377 

speed  in 364 

square  a  small  number 367 

square  roots  of  large  numbers  368 
of  small  numbers ....%....  367 

systematic  method 363 

tables,  multiplication.  Crelle's  376 

for  special  use 377 

trigonometric 373 

devices  for  reading 375 

marking 375 

useful 376 

tangents  or  sines,  which  to  use  375 

trigonometric  tables 373 

uncertain  figures,  effect  of.. .  371 

number  or 37 1 

useful  tables 376 

worthless  figures,  eliminating  369 

Office  work 361 

surveyor 6 

transit  surveying 149 

Offsets,  rules  for  tfUdng 139 

use  of,  in  calculating  areas. .  411 

,  locating  details 138 

Omitted  boimdary  lines,  com- 

^putations  for 406 

Omitted  measurements,  bearing 
and  length  of  one  side. . . .  401 


Omitted  measurements  (ctd)    page 
bearing   of   one   side   and 

length  of  another 402 

bearings  of  two  sides 404 

calculation  of 399 

forms  for 406 

methods  of 401 

forms  for  computation 406 

f general  cases. 400 
ength  of  two  sides 404 

methods  of  calculation 401 

parts  of  a  triangle 399 

trigonometric  methods 

illustrated 404 

two  sides  affected 402 

Omitted  parts  of  a  triangle  ....  399 

Optical  center  of  lens 546 

Optics,  theory  of  lenses 546 

Orienting  the  transit 126 

Outer  spindle  for  transit 663 

Pantograph 377 

how  to  set 444 

in  office  computations 377 

theory  of 443 

use  of 443 

Paper,  eggshell  surfaces 486 

fastemng  to  the  drawing  board  446 

for  photo  reproduction 486 

for  plane-table  work 327 

shrinkage  of 486 

Parabola,  area  of 407 

Parallax 665 

Parallelogram,  area  of 407 

Parallel  lines,  how  to  draw. . . .  439 
Parallds,  construction  of  with 

tape  61 

problems  in  establishing 224 

Parts  of  transit,  principal. ....   663 
Pavements,  how  to  lay  differ- 
ent grades 282 

templet  for 282 

Peg  adjustment;  three  methods  697 

Pencil^  use  of 438 

Penciling,  suggestions  for 446 

Permanent  standard  for  tapes..   661 
Perpendiculars,      construction 

of  with  tape 61 

erecting,  chord  method. 461 

how  to  draw 439 

problems  in  erecting 224 

Personal  sources  of  errors  ....       9 

Philadelphia  levding  rod 

229.  231,  671 
Photo  reproduction,  paper  for..  486 

Piers,  bridge,  to  locate 216 

Pivot   point   compass,  adjust- 
ment of 603 

to  center 603 

Plain  compass 675 

Plane,  honsontal   definition  of.       1 

vertical,  definition  of 1 

Plane  surveying,  kinds  of  meas- 
urement usied 2 

limits  of  area  covered 2 

Plane  table 318,  676 
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Plane  table  (joonbinuei)  page 

accessories  of 577 

adjustments  of 603 

the  boards 604 

the  levels 604 

the  telescope 604 

the  telescope  level 604 

the  vertical  circle 604 

alidade 676 

board 676 

case  for  canying  paper. . ..  327 
fastening  paper  to  board..  327 

how  to  set  up 319 

Johnson's 677 

manipulation  of 327 

manual,  Wain  Wright's 332 

paper  for 327 

case  for  carrying 327 

fastening  to  board 327 

plumbing-bob 677 

tests  for 677 

tripod  head 677 

waterproof  cover  for  .  ...327,  677 

Plane  surveying 318 

advantages  of 319 

angles,  vertical 328 

Bessd's  solution  of  three- 
point  problem 330 

check  sights 328 

choice  of  scale 328 

choice  of  stations 329 

Coast   Survey,  solution  of.. 

three-point  problem 332 

ccdored  glasses,  use  of 328 

comparison  of  methods 327 

connecting  sheets 327 

details,  method  of  locating. . .  329 

disadvantages  of 319 

error,  limits  of 329 

sources  of 329 

field    work,  questions  re- 
lating to 328 

general  method 318 

graphic  method  of  solu- 
tion of  three-point  prob- 
lem    330 

intersection,  method  of.  .321,  324 
LKehmann's  method  of  solu- 
tion of  three-point  problem  333 

limits  of  error  in 329 

Llano's  method   of    solution 

of  three-point  problem. . . .  331 
locating  details,  method  of  . .  329 
mechanical      solution    of 

three-point  problem 329 

methods  of  comparison 327 

general 318 

intersection 321,  324 

locating  details '  * . . .  329 

progression 321,  322 

radiation 321 

radio  progression 32 1 ,  323 

requiring      linear     meas- 
urements   321 

requiring  no  linear  measure- 
ments.    321 
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resection 321,  326 

methods  of  work 321 

practical  suggestions  for. .  327 
plotting,  suggestions  for    . .  328 

principal  uses  of 318 

problem ,  three-point 329 

problem,  two-point 334 

progression,  method  of 321 

illustrated 322 

radiation,  method  of 321 

illustrated 321 

radio-progression,  method  of  321 

illustrated 323 

resection,  method  of 321 

illustrated 326 

scale,  choice  of 328 

setting  over  a  point 320 

sources  of  error 329 

stations,  choice  of 329 

suggestions  for  plotting 328 

three-point  problem 329 

traversing,  method  of 321 

Bessel's  method 329 

Coast  survey  method 332 

Kaphic  solution 329 
slmiann's  method 331 

Llano's  method 331 

mechanical  solution 329 

methods  by  trial 331 

rules    from   Wainwright's. . 

manual 333 

two-point  problem 334 

vertical  angles 328 

Wainwright's  manual  rules. . 
for  I hree-point  problem. ..  333 

Planimeter,  use  of 408 

in  office  computations 377 

Plate  levels,  adjustments  of . . .  684 
value    of    level-bubble 

for 646 

Plates  for  transit 663 

Plotting 361 

angles 456 

collecting  data  for 483 

consistent  accuracy 464 

oflf  land,  forms  for  compu- 
tation  424,  426 

general  cases 422 

f:eneral  problem 421 
rom  a  (^iven  polygon 422 

illustrations  of 422 

variety  of  problems 421 

the  map — (see  below) 

points,  lines  and  details 6 

preliminary  steps  to 483 

traverses,  from  azimuths. . . .  493 

from  bearings 493 

by  deflection  angles 493 

by  direct  angles 493 

from  latitudes  and  depar- 
tures   493 

methods  of 463,  484 

summarized 492 

Plotting  the  map 485 
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accuracy  required 499 

arrangements  for 490 

assuming  the  first  line 491 

checks  for  angles 494 

combination 495 

for  linear  measurements. . .  494 

used 494 

choice  of  scale 489 

rules  for 489 

common  scales 488 

copying  and  transferring. . . .  600 

details 496 

checks  for 497 

drawing  instruments 486 

equipment  necessary 485 

errors,  to  run  down 496 

general  methods  of 487 
ow  to  b^n 490 

interpolation  of  contours 497 

method  of  procedure 487 

paper 485 

precautions  necessary 486 

speed  in 499 

transferring 600 

traverses 492 

triangulation  net 491 

Plumbing  bar,  for  plane-table..  677 

Plumb-bob 86 

level 673 

bubble  used  for 645 

Plumb-line,  effect  of  irregular 

distribution  of  mass 2 

Plunging  the  telescope 86 

Plus    and    minus    errors    ex- 
plained         9 

Plus  stations,  methods  of  lay- 
ing ofif 449 

Pocket  steel  tape 660 

Pointers 356 

Points,  methods  of  location ....       4 

Point  of  curvature 205 

of  tangency 206 

Polar  distance 355 

distances  of  Polaris,  table  of.  633 

effect  of  latitude  in 355 

Polaris,  azimuth  at  elongation.  355 

formula  for  finding 356 

table  of 646 

check  observations 358 

eastern  and  western  elonga- 
tion  355 

effect  of  latitude  on  azimuth.  365 

facts  concerning 356 

formula  for  finding  azimuth  366 

methods  of  observing 356 

comparison  of 359 

observations  on 354 

at  any  time 369 

at  elongation 356 

at  culmination 358 

comparison  of  methods.. . .  359 

to  determine  latitude 633 

polar  distances 355 

mean,  table  of 633 

relation  to  Cassiopeaiae. . . , .  35^ 
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relation  to  latitude 366 

Mizar 366,  368 

table  of  mean  polar  distances.  633 

time  of  elongation 375 

tables  of 644 

upper  and  lower  culmination.  365 

Polygon,  area  of 407 

closed  check  by  bearings. . . .   127 

Polyhedron,  definition  of 429 

Poncelet's  rule  for  areas 412 

Portland,  Me.,  variation  of  mag- 
netic needle  at 642 

Porro  telescope 653 

Positive  prints,  how  to  make. .  464 
Precision  of  angular  measure- 
ments, conditions  affecting.  .  108 

methods  of  judging 107 

Precision  co-efficients,  determ- 
ination of 46 

Precision   in  chaining,  how  to 

obtain 53 

tables  of 48 

Precision  level 670 

Precision,  limits  of,  in  compass 

surveying 298 

limits  expressed  by  ratio 47 

requirements     of     different 

limits 61 

table  of  errors  corresponding 

to  different  ratios 61 

Prevention  of  errors 12 

Primary  parts  of  surveying  in- 
struments   538 

Primary  stations,  devation    of, 
in  topographic  surveying  . . .  343 

Principal  axis  of  lens 646 

Pnnc'pal   lines  of   adjustment 

of  transit 584 

Prism,  definition  of 429 

for  stadia 563 

Prismatic  compass 676 

eyepiece  for  transit 566 

Prismoid,  definition  of 434 

Problems  in  chaining 60 

Probable  errors 16 

definition  of 15 

determination  of 17 

formulas  for 17 

measuring  base  line 68 

of  the  mean 16 

single  observation 16 

use  of 15,  16 

Profile  leveling,  definition  of. . .  242 

field  routine 261 

forms  of  notes  for 346 

Prc^e  paper,  different  kinds. .   630 

Profiles 629 

checking 532 

common  mistakes  in  plottinc  633 
conventional  signs  for  statia.  636 

explanatory  notes  on 636 

finishing 6«  634 

horizontal  and  vertical  scales 

relation  of ^1 

^3^ng  out  g^^es  on 633 
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Profiles  (corUinued)  page 

letterio^ 534,  535 

misleading 530 

paper  for 530 

plotting 6,  529 

from  contours 533 

general  method 532 

of  rdated  lines 533 

scales  for 530 

scales  for  different  papers. . .  531 
showing     progress   on     con- 
struction    536 

titles  for 536 

working  ud  notes 531 

Projection,   norizontal,   ex- 
plained         2 

Proper  names  on  maps 505 

Proportional    dividers,  use    of  441 

Protractor 377 

bristol  board 456 

convenient  form  of 455 

device  for  holding 457 

how  to  make 457 

office  computations 377 

paper 458 

three  armed 462 

use  of 455,  457 

in  plotting  traverse  lines. .  464 
in  topographic  surveying. .  348 
Purpose  of  a  survey;    rdation 
to  field  work 6 

Quadrant  targets  ...    572 

Quantities,    how    best    deter- 
mined for  angles 375 

Radius  of  curvature,  level-bub- 
ble formula  for 545 

Radius  earth,  average 1 

Ratio  expression  of  error 39 

Ratio     expressing     limits     of 

precision 47 

Reading  angles  (see  Angles) 

glass  of  transit 98 

leveling-rod 227 

the  vernier 539 

Reciprocal  leveling 243 

table  of 683 

Records  in  fidd  notes 21 

Recording  field  notes 6 

measurements,     sources     of 

trouble 22 

Reels  apd  handles  for  tapes... .    561 
Reference  lines,  location  of  in 

rectangle '. . .  209 

checking 495 

topographic  surveying. ...  341 

meridian  for  areas 414 

Referencing  boundary  line 211 

aline 203 

a  point 64,  203 

Reflector  for  transit 567 

Refraction,  correction  for 623 

mean :  table  of  corrections . .   624 
tables  of.  for  use  with  solar 
attachment 649 
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Reinhardt's  system  of  lettering,    24> 
Relations  of  general   work  of 

surveyor £ 

of  indoor  work  of  surveyor. .       5 
of    primarv     operations    of 

field  work 5 

Remagnetizing  compass  needle.  295 
Replacing  broken  cross  hairs. .  616 

Requirements  for  transits 567 

Residual,  defined 15 

Retaining-wall,   to   give   lines 

for 213 

Reticule  of  telescope 550 

Retrograde  vernier 540 

Reversing  the  telescope 86 

Reversion,  method  of 583 

bubble  tube 570 

Ribbon  tape 560 

Right   angle,   construction   of, 

with  tape 60 

triangles,  area  of 407 

Riveting  a  brc  ken  tape 609 

Road,  how  to  svike  out 212 

Rodman,  duties  cf 263 

equiT^ment  for  in  leveling.. . .  248 

su'-^estions  for 261 

Ron.an  fdphabet 508 

Rough  riveting  for  broken  tapes  077 
Rubbei  bands,  use  of,  in  level- 
ing  262,  28i 

Ruling-peL' ,  adjusting,  •••••.  . .  441 

cleaning 441 

sharpening .,  441 

use  of 440 

Running  transit  Unes,  (see  also 
Transit  lines) 122 

Saegmuller  solar  attav'%hnient.„«  631 
Sag  of  tape,  formulas  tvir. .....     41 

methods  of  eliminatin,r.».. .  .     41 

Salt  Lake  City  apparatus  for 

standardizing  tapes 562 

San     Francisco,     variation    of 

magnetic  needle  at 542 

Scales,  choice  of,  in  plotting. . .  489 

designs  for 55^ 

equivalents  for    various    ra- 
tios, table  of 488 

for  maps 526 

for  different  purp>oses 489 

for  plotting,  choice  of 489 

the  map 488 

used  by  the  Government. .  488 

for  profiles 531 

on  target 572 

use  of 440 

in  chaining  base  line 58 

Sea  level,  defined;    how  deter- 
mined         1 

reading  of  barometer 245 

Secondary  axis  of  lens 647 

Section  liner 449 

lining 449 

for  maps 622 

Sector  of  circle,  area  of 407 
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Segment  of  circle,  area  of.. 407,  409 

Sextant 677 

adjustments  of 604 

the  horizon  glass 605 

the  index  glass 604 

the  telescope 605 

advantages  of 678 

eyepieces,  three  kinds  of.. . .  678 

horizon  glass 678 

index  error 606 

index  glass 678 

measuring  horizontal  angles.   678 
measuring  vertical  angles . . .  679 

theory  of 679 

use  of 678 

vernier  arm 678 

Secular  variations  of  magnetic 

needle 641 

Se^f-reading  leveling  rods 571 

Self -reading  stadia  rod 673 

Set  screws  for  transit 664 

Sewer,  flow-line 211 

leveling  for 283 

Shafting,  to  give  lines  for 212 

leveling  for 287 

leveling,     giving     elevations 

for 287 

Shellac  for  cross-hairs  of  tele- 
scope    650 

Shortening     computations     in 

office  work 364,  372 

Siderial  day 356 

Sighting  at  points  in  the  dark..  368 
Sights,  compass,  adjustment  of  602 

Signals,  leveling 248 

for  stations  in  triangulation .   198 

Sines,  table  of 662 

logarithmic,  table  of 718 

Sine-cosine   method    of   meas- 
uring angles 63 

Sin^e-piece  leveling  rod 572 

Sketch  method  of  keeping  notes, 

illustrations 179,  183,  189 

Sketches  in  field  notes 21,  23 

Slide-rule,   in   office   computa- 
tions   377 

Slide-rules  for  stadia  work 483 

Slopes,  methods  of  chaining. . .     35 

Sockets,  care  of 618 

So'ar  attachment 666,  627 

Burt's,  use  of 628 

method     of     procedure     for 

Burt's 630 

observation      to     determine 

latitude 633 

Saegmuller;  use  of 631 

table  of  refractions 649 

Solar  compass 676 

Solar  paper,  brown 464 

Soldering  a  broken  tape 610 

Soundings,  use  of  flags  of  dif- 
ferent colors 203 

Sources  of  errors 9 

chain! nic.  summary  and  rela- 
tive importance 43 
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Speed  in  leveling 276 

Speed    in    surveying,     how 

gained 8 

Spider-webs;  best  kind 616 

how  to  procure 616 

to  fasten  to  ring 616 

Spindles,  care  of 618 

for  transit 663 

Sphere  in    relation  to  earth's 

surface 1 

Spherical  aberration 549 

Spirit-level 644 

Splines ,  hard-rubber  for  curves .  443 

Sponge  rubber 448 

Spring  balance,  use  of  in  meas- 
uring base  line 67 

Square  chains,  basis  of  unit  of 

measurement 3 

feet ,  to  reduce  to  acres 416 

Squares,  table  of 683 

Square  roots  of  large  numbers.  36S 

of  small  numbers 367 

table  of 683 

Stadia,  accuracy  of,  in  leveling  308 
in  measuring  distances ....  307 

adjustment  of  wires 303 

advantage    of   standard    in- 
terval    303 

angles,  how  dose  to  meas- 
ure   3C9 

vertical,  when  to  ignore.. .  307 

ohecking  distances 309 

side  shots  on  line 309 

correction  constant 302,  315 

definition  of 300 

diagrams  for  reduction 482 

distances,  accuracy  in  meas- 
uring   307 

checking 309 

how  close  to  measure 309 

horizontal,  to  measure  in 

level  ground 307 

to  measure  on  sloping 

ground 307 

vertical,  how  to  obtain 30? 

elevations,  method  of  finding  30d 

to  obtain 30^ 

form  of  notes 310 

formulas    for    reducing    in- 
clined readings 305 

graduating  the  rod 304 

horizontal  distances,  to  meas- 
ure..  i  307 

how  close  to  measure  angles.  309 

distances 309 

how  to  graduate  the  rod. . . .  304 

ignoring  vertical  angles 307 

inclined    readings,    formulas 

for  reducing 306 

reduction  of 307 

standard,  advantage  of . . .  303 

interval,  to  test 302 

factor 303,  304,  315 

length  of  sight,  maximum . . .  307 
leveling,  accuracy  of  stadia..   308 
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trigonometric 305,  308 

line  of  sight  inclined 305 

maximum  length  of  sight . . .  307 
measurements,  compared 

with  tape 315 

method  of  reducing 480 

measuring  angles 309 

distances 309 

horizontal  distances 307 

notes,  form  of 310 

reducing 480 

obtaining  elevations 308 

obtaining  vertical  distances.    308 

principle  of 301 

readings,  inclined,   formulas 

for  reducing 305 

reduction  of 307 

reduction  tables 669 

use  of 480 

rod  (see  also  Stadia  rod) ....  300 

side  shots,  checking 309 

slide  rules 483 

special  rod 303 

standard    intervals,    advan- 
tage of 303 

theory  involved  in 301 

to  test  the  interval 302 

trigonometric  leveling.. ..305,  308 

vertical  angles 307 

distances 308 

wires,  to  adjust 303 

Stadia  rods 300,  573 

common   mistakes    in 

reading 305 

different  patterns  compared.   573 

directions  for  making 574 

to  graduate 304 

method  of  reading 304 

self-reading 573 

special 303 

standard,  advantage  of 304 

target 573 

tests  in  sighting 313 

Stadia  surveying 300 

allowable  discrepancies  in. .  .  314 
allowable  errors  in  elevation.  314 
angles,  how  close  to  measure.  309 

checking  distances 316 

elevations 316 

side  shots 316 

closure^  error  of 315 

determining   the   stadia   in- 
terval, erorr  in 312 

discrepancies,  allowable 314 

between  stadia  and  tape 

measurements 314 

distances,  checking 316 

long,  reading 316 

effect  of  refractions 312 

elevations,  allowable    errors 

in 314 

checking 316 

errors,  change  in  wire  inter- 
val  312 

of  closure 315 


Stadia  surveying  (coniinited)    page 
determining  the  stadia 

interval 312 

effect  of  refraction 312 

elevation,  allowable 314 

limits  of 313 

for  series  of  lines 315 

separate  horizontal  meas- 
urements    313 

single  obcervation 312 

sources  of 312 

Seneral  methods 309 
orizontal    measurements, 

errors  of 313 

interval,   errors  in    deter- 
mining   312 

wire,  change  in 312 

limits  of  errors 313 

for  series  of  lines 315 

maximum  length  of  sight.  . .  316 

measurements,  angles 309 

horizontal,  errors  of 313 

mistakes  in  reading  rod 312 

reading  long  distances 316 

reading  roa. 316 

mistakes  in 312 

refraction,  effect  of 312 

side  shots,  checking 316 

sight,  line  of,  maximum 316 

sightmg,  methods  of 315 

single   observation,   errors.  .  313 

sketches  for 312 

sources  of  error 312 

wire  interval,  change  in 312 

Stadia  wires 300 

advantages  of 304 

for  transit 567 

non-adjustable 303 

Stakes,   use   of,   in   measuring 

base  line 57 

Staking  out  a  building 209 

details 5 

house-lot 210 

road  and  highways 212 

Standard  time 622 

for  transit 563 

yard,  definition  of 3 

Standards,  adjustment  of 589 

dumpy  level,  adjustments  . .   601 

National  Bureau  of 561 

Standardizing  tapes 661 

Station,  defined 235 

to  determine  most  westerly..  471 

Steel  tape  (see  also  Tape) 560 

care  of 31,  609 

emergency  repairs 611 

eyelet  tool  for  riveting 609 

riveting  a  broken  tape. . . .   609 

rough  riveting 611 

soldering  broken  tape  ....    610 
soldering  flux,  to  prepare.  610 

soldering  outfit 610 

soldering,  sleeves  for 610 

sticky  flux  for 610 

stick  splice 61 1 

determination  of  end  points .     ao 
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Steel  tape  (.contintied)  page 

figures 31 

handling 31 

Stick  splice  for  broken  tapes. . .  611 

Stone  posts  for  boundary  mon- 
uments  211 

Stone  walls,  where  to  set 202 

Straight  edge,  steel 486 

to  test 438 

Straight  line,  methods  of  pro- 
longing      92 

Strata,  conventional  signs  used 
in  profiles 535 

Street  lines,  how  marked 202 

location  of 168 

Sun,    azimuth    of;     formulas 

for 626 

daily  path  of 622 

observation     to     determine 
latitude 633 

Sun's  declination 622 

to  look  up 623 

Supporting  axis  of  transit 563 

Surface  of  lens,  shape  of 546 

Surface,  earth's,  definition  of . .       1 
level,  relation  to  plane 1 

Survey,  for  an  architect 211 

bearings  kept 113 

ownership  of 503 

what  constitutes 503 

Surveying,  accuracy  in 7 

care  of  instruments 6 

definition  of 2 

errors  in 7 

field  work  operations 5 

general  methods 5 

geodetic 191 

unportance    of    checking 

work 12 

important  questions  in  con- 
nection with  field  work.. . .       6 

object  of 4 

office  work 5 

operations  similar  to  draft- 
ing        6 

plane,  definition  of 2 

plane  table 318 

purposes  of.    illustrations...       6 

speed  in,  how  gained 8 

stadia 300 

system  in 8 

topographic 337 

instruments 537 

Surveying  instruments  (see  also 
Ch  a  i  n  8,    Tapes,  Transit, 
Level  etc.). 
book  on 537 

Surveyor's  certificate 503 

forms  of 537 

compass 575 

crayon 147 

keel 147 

System  in  surveying 8 

of  transit  lines 117 

Tables,  allowable  discrepancies 

in  chaining 48,  49 


Tables  (continued)  pagk 

coefficients    of    precision  for 

chaining 48 

comparison  of  tables  of  dis- 
crepancies      50 

correction  for  combined  curv- 
ature   and    refraction    in 

leveling 273 

errors  corresponding  to  ratio 

of  precision 51 

errors  in  feet  corresponding 
to  displacement  of  bubble  269 

List  and  Index  of 639 

mean  polar  distances 633 

mean  refraction   corrections.  624 
permissible    errors   in 

leveling 277 

the  sum  of  angles 110 

square  measure 407 

stadia  reduction,  use  of 480 

trigonometric ,  marking 375 

useful,   for   office   computa- 
tions    376 

Tabulating   latitudes   and    de- 
partures, form  for 394 

Tachymeter 300 

Tangent  method  of  measuring 

angles 63 

of  plotting  angles 458 

bearings 468 

traverses 484 

Tangent  ecrews  for  transit 564 

Tangents,  table  of 671 

and  curves*  area  between . . .  408 

to  curves 204 

Tape  (see  also  Chaining).        , 
avoidance    of    mistakes    in 

reading 33 

best  form  of  graduation 560 

best  size  of . ; 560 

certificate  of  comparison. . . .   661 
change  in  length  due  to  tem- 
perature       40 

doth 659 

comparison  of  different  kinds  559 

comparison  with  chain 33 

correction  for  error  in  length 

of  tape 40 

errors  due  to  temperature. . .      40 

due  to  uneven  pull 42 

length 39 

not  horizontal 40 

marking  lengths 42 

not  stretched  tight 40 

reading 42 

graduation  on 560 

best  form  of 660 

graduation  marks 560 

how  to  read 32 

length  of,  correction  for'errors 

in 40 

metallic 659 

method  of  testing 662 

mistakes  in  reading 33 

permanent  standard  for 661 

Boston  water  works 662 
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Tape  (corUinved)  page 

reading 32 

avoidance  of  mistakes  in. .     33 

common  mistakes  in 42 

use  of  magnifying  glass  for.     42 

reels  and  handles  for 561 

Salt  Lake  City  apparatus  for 

standardizing 562 

special 560 

standardizing 561 

Salt  Lake  City  apparatus 

for 562 

Boston  water  works  per- 
manent standard  for. .. .   562 

standard  pull 42 

steel,  band  tape 560 

care  of 31,  609 

chain  tape 560 

I>ocket  tape 560 

ribbon  tape 560 

stretch  of,  per  pound  of  pull.     42 

testing,  methods  of 562 

three  kinds  compared 559 

Target  leveling  rods 571 

stadia  rod 573 

Targets 572 

difference  between  methods 

of  reading 232 

how  to  move 252 

with  ordinary  scale 227 

with  verniers 231 

Telemeter 300 

Telescope 549 

aberration  of  sphericity 553 

advantages  of  high  power . . .   555 
advantages    of    non-erecting 

eyepiece 555 

aperture,  test  for  size  of. 556 

application  of  theory  of  lenses  550 
brightness  of  image,  relation 

to  magnifying  power 554 

care  of 614 

o<41imation,  line  of,  defined..  553 

comparison  of  eyepieces 563 

cross  hairs,  how  fastened. . . .  550 
cross    hair    ring,    how    con- 
trolled   650 

defects  of 653,  567 

definition 653 

test  for 666 

disadvantages     of     erecting 

eyepiece 553 

disadvantages  of  high  power.  656 
disadvantages   of  non-erect- 
ing eyepiece 663 

effect  of  too  high  magnifying 

power 554 

effect  of  too  low  magnifying 

power 664 

elimination  of  parallax 656 

eyepiece 649 

erecting,  disadvantages  of.  663 

theory  of 662 

how  focussed 649 

non-erecting,  advan- 
tage of 666 


Tele8CX>pe  (conHnued)  page 
eyepiece,   non-erecting,    dis- 
advantage of 553 

theory  of 660 

two  kinds  compared 663 

variable  power 666 

eyepiece  ring,  how  controlled.  649 

fastening  cross  hairs 560 

field,  flatness  of,  test  for 656 

size  of 564 

test  for 656 

focus 662 

focussing  rack  and  pinion . . .   650 

focussing  object  glass 549 

reason  for 662 

high  magnifying  power,  ad- 
vantage of 666 

effect  of 654 

how  to  use 83 

illumination 554 

image,  brightness  of  in  rela- 
tion to  magnifving  power.   66^/ 
lenses  (see  also  iLenses) 

application  of  theory  of....  65<l 
level,  magnifying  power  for  566 
level-bubble,      relation      to 

magnifying  power,  646,666,  568 
light,    percent    passing 

through  lens 664 

proportion  of,  to    size  d 

object  glass 664 

line  of  coUimation  defined. . .  663 

line  of  sight  defined 663 

low  magnifying  power, 

effect  of 654 

magnifying  power,  effect  of 

too  high 664 

effect  of  too  low 664 

for  levels 655 

propoctional  to  aperture . .   564 
relation   to   brightness   of 

image 564 

to  level-bubble. 646,  656,  568 

to  vernier 566,  667 

test  for 667 

transits 655 

non-erecting    eyepiece,    ad- 
vantages of 556 

disadvantages  of 663 

theory  of 650 

object  giass 649 

proportion  of  light  to  size  664 

reason  for  focussing 552 

object  glass  ring 560 

parallax,  how  eliminated. . . .   566 
percent     of     light     passing 

through  lens 554 

photograph  of 551 

plane  table,  adjustment  of. .  604 
plano-convex   lenses  in  eye- 
piece    653 

Porro  telescope 553 

principles  of 657 

prism  for  stadia 663 

proportion  of  light  to  size  of 
object  glasses 664 
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Telescope  (continued)  paob 

qualities  of 663 

rack  and  pinion  for  focussing.  660 
reason   for  focussing   object 

glass 652 

reticle 650 

ring,  cross  hair 660 

object  glass 660 

sextant,  adjustment  of 606 

size  of  aperture,  test  for 666 

size  of  field 664 

^  test  for , , 656 

size  of    object  glasses,    pro- 
portion of  light  to 664 

spnericity,  aberration  of 663 

summary  of  principles  and 

defects  in 667 

tests  for 666 

definition 666 

flatness  of  field 666 

xnagnifying  power 667 

size  of  aperture 656 

size  of  field 656 

theory  of  erecting  eyepiece. .  662 

lenses 660 

non-erecting  eyepieces. . . .  660 

two  kinds  compared 663 

use  of 227 

variable  power 566 

vernier,  relation  to  magnify- 

ing  power 666,  667 

Telescope  level,  adjustment  of.  691 

plane  table,  adjustment 604 

Temperature,     cause   of   error 

in  chaining 40 

Templet  for  pavements 283 

Testmg  sensitiveness  of  level- 
bubble 645 

tapes,  method  of 662 

Tests  for  compass 676 

level 671 

plane  table 677 

telescopes 656 

transits 568 

Theory  of  errors 16 

of  lenses,  (see  also  lenses) . .  645 

of  sextant 579 

Thermometer,  use  of,  in  meas- 
uring base  line 57 

Three-armed  protractor 462 

Three-point  problem 462 

Thumbscrewfii,  use  in  leveling.  88 

Tie-lines,  use  in  locating  details.  140 
Time     belts     in     the    United 

States 622 

Time,  converted  to  longitude, 

table  of 648 

of     elongation     of     Polaris, 

table  of 644 

standard 622 

Tinting  the  maps 622 

suggestions  for 449 

Titles,  for  maps 505,  523 

method  of  constructing 525 

for  profiles 536 

for  tracings 623 


Titles  (continued)  paor 

what  should  appear  in 62Ji 

Topographic  maps 33H 

requirements  for 503 

"Topographical    drawing    and 

sketching' ' — Reed 623 

Topographic  surveying 6,  337 

angles,    horizontal,    reading 

to  contour  points 343 

book  for  topography 347 

celluloid  sheets,  use  of 348 

choice  of  methods   and   in- 
struments . .   344 

choosing  stations  for  horizon- 
tal control 343 

choosing  stations  for  vertical 

control 343 

combination  of  methods  and 

instruments 346 

illustration  of    - 348 

contour. 337 

choosing  intervals 344 

illustrations  of 338 

interpolating 346 

method  of. 343 

interval 337 

lines 338 

located  by  squares 341 

location  of 342 

method  of  locating 343 

points,  elevation  of 343 

running  in 340 

use  of 337 

control,  horizontal,  choosing 

stations  for 343 

methods  of 341 

points  of,  how  established.  340 
control,   vertical,   choosing 

stations 343 

methods  of 343 

points  of,  how  established.  340 
controlling  points  of  contour.  344 

details,  location  of 342 

elevations  of  contour  points.   343 

of  primary  stations 343 

of  traverse  stations 343 

establishing   points   of   con- 
trol    340 

substations 342 

field  notes 346 

field  routine 348 

fundamental     principles     of 
contour  lines 339 

general  method 339 
ori7ontal  angles,  reading  to 

contour  points 343 

horizontal  control,  choosing 

stations  for 343 

establishing  points 340 

methods  of. 341 

illustrations  of 348 

illustrctions  of  contours 338 

instruments^  choice  of 344 

combination    of    methods 

and 345,  348 

use  of  different 346 
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iconiinued) 
interpolatinff^a  contour. .....  340 

leveling    different    mellM>as  343 

location  of  oontourB 341,  342 

of  details 342 

of  refereoee  lines 341 

methods  of.. 339 

choice  of 344 

combination  of,  with  in- 
struments  345,  348 

horizontal  control 341 

levelmc 343 

locating  contours 340 

vertical  control 343 

with  contours 343 

paper,  mounted,  use  oi 348 

topographic  plotting 348 

plotting  in  the  field 347 

points  of  control,  how  estab- 
lished  340 

primary    stations,   elevation 

off. ,..  343 

protractor,  use  of 348 

reading  horizontal  angles  to 

contour  points 348 

▼ertical  angles  to  contour 

points 343 

reference  lines,  location  of  . .   341 

reference  meridian 341 

ridge  line 339 

running  in  a  contour 340 

traverses 341 

size  of  squares 341 

sketching  topograph v 347 

stations,  primary^  elevations  343 

traverse,  elevations  of 343 

substations,  establishing 342 

topographic  plotting  paper. .   348 
traverse  stations,  elevations  343 

traverses,  running 841 

triangulation 341 

valley  lines 339 

vertical    angles,    reading    to 

contour  points >. 343 

vertical     control,     choosing 

stations  for 843 

establishing  points  of 340 

method  of 343 

Tracinjg 451 

cloth,     cleaning    with    ben- 
zine   452 

colored  inks,  use  of 452 

coloring 451 

erasures 452 

marking  figures  or  letters.  451 
quality  of,  for  plotting. . . .  485 
use  of  in  transferring  maps.  500 

which  side  to  use. 451 

paper 452 

Tracings,  colored  with  pencil...  507 

on  maps 507 

titles , 524 

Transferring  maps £00 

Transit   (see  also  Ai^E^es,  meas* 
uringX 
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accuracy  in  setting  up 89 

adjustments  of 584 

cross  hairs 586 

plate  level 584 

principal 584 

principal  lines. 584 

relative  importance  of . . . .  586 

standards. ,    589 

telescope  level 591 

vernier 591 

vertical  circle 591 

alidade 563 

attachments,  special 566 

backsight  and  foresight 90 

balancing  in 93,  201 

construction  requirements. .  567 

of  set  screws 564 

of  tang^ent  screws 564 

cyclotomio 564 

cross  hairs,  adjustment 586 

deflection  angles,  measuring.     98 

double  centering 93 

double  reverse 92 

eccentricity,  test  for 568 

errors  in  setting  up 104 

errors,  source  of 96 

foresight,  permanent 91 

graduation,  limb 67 

test  for 668 

horizontal    anises,    measur- 
ing  93,     95 

to  turn  off 99 

horizontal  plates 67 

inner  spindle 563 

laying  off  an  angle  by  repe- 
tition    101 

leveling  head 563 

leveling  up 89 

limb 663 

limb  graduation. 67 

system  of  numbering 67 

line  of  sight,  to  get  quickly. .     85 

lining  in. 91 

lower  plate 663 

manipulating  the  tripod 88 

measuring    angles,   at  fence 

corner 202 

by  repetition 99 

by  series 100 

measuring  deflection  angles .     98 

horizontal  angles 93,     95 

vertical  angles 98 

mistakes  in  reading  angles. ..     98 
numbering  limb  graduations.     67 

orienting 125 

outer  spindle 563 

permanent  backsight 90 

foresight 91 

photograph  of 665 

plate  levels,  adjustments  of.  584 

plates,  horizontal 67 

lower  and  upper 563 

vernier 563 

plumb-bob,  use  of . , 86 

precautions  in  using. .......     84 
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Tbansit  (continued)  page 

principal  adjustments 584 

parts  of 563 

prolonging  a  straigiht  line... .     02 
reading   angles,  mistakes  in .     08 

suggestions  for. 06 

bearings 101 

reading  glass,  use  of 08 

relative  importance  of  ad- 
justments  584 

referencing  a  line 203 

apoint 203 

station 203 

requirements  for  construc- 
tion  667 

reverse,  double 02 

reversing    in    azimuth    and 

altitude 02  . 

the  telescope 86 

set-screws,  construction  of.. .  564 

setting  up 86 

errors  m 104 

setting  the  remier 04 

several    angles    from   .same 

backsight '.,,,.     04 

sliding  knot,  how  to  tie 85 

sources  of  error  in  measur- 
ing angles 06 

special  attachments 566 

(see  also  Solar  attachment; 
Gradienter;  Telescope;  Eye- 
piece, prismatic;  Reflector, 
Compass  -  needle ;  Stadia 
wires). 

spindle,  inner  and  outer 563 

standard 563 

standards,  adjustment  of . . . .  580 
suggestions  for  reading  an- 
gles      06 

supporting  axis 563 

system   of   numbering   limb 

graduations 67 

tangent  screws,  construc- 
tion of 564 

telescope,  magm'fying  power 

for 555 

use  of 85 

telescope    level,    adjustment  501 

tests  for 568 

eccentricity  of 568 

graduation  of 568 

tripod,  manipulating *     88 

turning  of  horizontal  angles.     00 

upper  plate 563 

use  of 84,  201 

backsight  and  foresight. . .     00 
finding  intersection  of  two 

straight  lines 202 

set  line  of  sight  quickly. .     85 

leveling  up 80 

lining  m 01 

measuring  angle  of  fence 

corner 202 

manipulating  the  tripod.. .     88 

permanent  backsight 00 

foresight 01 


Transit  (continued)  page 

plumb-bob 85 

precautions 84 

reading  fsJiasB 08 

referencing  a  line 203 

apoint 203 

reversing  the  telescope. ...     86 

setting  up,  accuracy 80 

suggestions  for 87 

sighting  parallel  to  given 

line 201 

tying  sliding  knot 85 

upper  and  lower  clamps.. .     01 

using  telescope 85 

thumbscrews 88 

value  of  level-bubble  for. . . .  545 

vernier 76,  540 

adjustment  of 501 

setting 04 

suggestions  for  using 06 

Termer  plate 563 

vertical  angles,  measuring. .  •     08 
vertical    circle,    adjustment  501 
Transit    angle,    definition 

of 116 

Transit  lines  (see  also  Traverse).  110 
advantage  of  repeating  angles 

in  running 130 

angle  definition 117 

angles,  running  by 126 

application   of  latitudes  and 

departures 385 

azimuth  or  bearing  of  first 

line 123 

azimuth   method  of   run- 
ning  120,  122 

advantages  of 128 

comparison  of 124 

method  of  procedure 156 

outline  of 122 

bearing  of  first  line 123 

bearings,  calculated,  running 

by 126,  120 

calculation  of 381 

running  by 125 

advantages  of  method. .   120 
calculated  bearings,  running 

by 126.  120 

calculation  of  bearings 381 

choosing    methods    of    run- 
ning    151 

comparison    of   methods  of 

running 127 

by  azimuths 124 

definition  of 116 

deflection     angles,     running 

by VT  120 

advantages  of  method. . . .   128 

method  of  procediu*e 155 

details,  use  of,  in  locating. . .   133 

direct  angles,  running  bv.. . .   120 

advantages  of  method. . . .   127 

method  of  procedure. .....    154 

how  to  run 140 

latitudes  and  departures,  ap- 
plication of . 385 
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methods  of  running.  116,1 19,151 
by  angles  and  calculated 

bearings 126 

by  azimuths.120.122.128, 156 

by  bearings 125,  129 

by  calculated  bearings. .   129 

choice  of 151 

comparison  of 127 

by  deflection  angles  120,  128 

155 

by  direct  angles  120, 127,  154 

quadrant  method 156 

plotting  (see  Traverses) 
running,  advantage  of  re- 
peating angles 130 

summary  of  method. .   .   130 

sketch  of 390,  392 

Transit  party,  aTeman 163 

chainman.....  162 

chief  of  party 161 

flagman 163 

note-keeper 161 

transit-man 162 

Transit  station,  definition  of.  116 

referencing 203 

^^ansit  survey,  methods  of 

working 132 

Transit  surveying,  alignment, 

obstacles  to 220 

angles,  checking 173 

double,  form  for 152 

single,  form  for 170 

arc  ofa  circle,  to  run  in...  204 
axeman,  eouipment  for. . .   145 

azimuths,  form  for 174 

balancing-in  the  transit. . .  201 

base-line,  broken 204 

bearings,  form  for 175 

boundary  survey 150,  176 

broken  base-line 204 

buildings,  survey  of. . .  159,  180 
chainman,  equipment  for..   145 

checking  angles 152 

chief  of  party,  equipment  145 

city  survey 189 

combination     method     of 

keeping  notes 166 

comparison     methods     of 

running  transit  lines. . .   151 
crowding  of  notes,  to  avoid  167 
details,   method  of  locat- 
ing    156 

dimensions,  where  to  put 

in  field  notes 166 

distances,  form  for 170 

driving  guard  stakes 147 

duties  of  members  of  tran- 
sit party 161 

equipment  for 145 

axeman  and  flagman.. .  145 

chainman 145 

chief  of  party 145 

note-keeper 145 

transitman 145 

error,'  limits  of 159 


Tbansit  surveying  (etmHnitad)  pagb 
error  of  closure,  permissible  160 
establishing     station, 

methods  of 147 

excavations,    staking    out 

work  for 15f 

field  notes 159.  164 

combination  method  ox 

keeping 166 

different  forms  of   tab- 
ulated     169 

economical  forms  of . . . .   164 

general  form  of 165 

illustrations  of 175 

methods  of  keeping 164 

pertaining     to      transit 

lines 165 

repeated      in     different 

pages 167 

sketch  method  for 165 

tabulated  without 

sketch,  forms  of 165 

transit  Ime,   method  of 

distinguishing •  165 

what   notes   shoiUd    in- 
clude    167 

when  notes  should  read 

upward 166 

where  to  put  dimensions 

^      in 166 

field  work 145 

effect  of  choice  of  sta- 
tions on 150 

relation    to   office  work  151 

relation  to 149 

flagman,  equipment  for. . .   145 

form  for  azmiuths 174 

bearings 175 

double  angles 173 

single    angles    and    dis- 
tances    170 

forms  of  notes,  economi- 
cal    164 

general 165 

tabulated 169 

without  a  sketch 165 

formulas    for     permissible 

error  of  closmre .......   161 

guard  stakes 147 

driving 147 

numbering 147 

height  of  inaccessible  point, 

to  measure 222 

highwajrs,  survey  of 184 

illustrations  of  field  notes.   175 
inaccessible  points,  to  meas- 
ure between 222 

to  measure  height  of . . .   222 

to  measure  to 222 

instruments     and     equip- 
ment    145 

judgment,  questions  of . . . .  148 
land  and  building  survey  .  180 

lettering  stations 147 

limits  of  errors  in 159 

line,  to  run  between  two 
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Trahbit  rarvesring  (coniinu^  rAGB 
points   through   an   ob- 
stacle   221 

locating   points    in   water 

with  two  transits 203 

street  lines. 158 

transit  stations 148 

location  of  stakes,  planning  159 
transit    stations,  choos- 
ing    150 

marking  stakes 147,  159 

masonry  structures 169 

method   of   distinguishing 

transit  line  notes 165 

establishing  station 147 

feneral 146 
eeping  notes 164 

locating  details 156 

procedure     in     running 

transit  lines 153 

running  transit  lines. . . .  151 
measurements  of  iiyuscessi- 

ble  points 222 

obstacles  to 222 

note-ke^>er,    equipment 

for.rrtr 145 

notes  (see  Field  notes). 

needed  for  plotting 167 

for  record 167 

numbering  guard  stakes. .   147 

points  on  sketch. 166 

stations 147 

obstacle,     to     prolong 

straight  line  through...  220 
to  run  line  between  two 

points  through 221 

obstacles 148,  219 

to  alignment  in 220 

to  measurements  in 222 

office  work,  relation  to 149 

relation  to  field  work. . .   151 

parallels 224 

permissible   error   of   clo- 
sure    160 

perpendiculars 224 

plotting,  notes  needed  for.  167 

pocket  equipment  for 145 

points,  inaccessible 222 

points  in  sketch,  number- 
ing    166 

pdnts  cm  water,  to  locate 

with  two  transits. . . .  203 
problems  in  triangulation .  219 
prolong    straight    line 

through  obstacle 220 

purpose  of  survey 148 

record,  notes  neeided  for.. .   167 

referencing  stakes 159 

station 148 

relati(m  between  field  work 

and  office  work 151 

to  field  work 149 

to  office  work 149 

repeating  notes  on  diffa> 

ent  pages 167 

run4n  an  art  of  a  circle. . .  204 


TRANsrr  surveying  (eonHnued)  paoi 
running  a  line  through  an 

obstacle 221 

running  transit  lines 151 

signals 146 

sketch    method    for    field 

notes 165 

sketch,  numbering  points  in  166 

of  transit  line 168 

special  work 201 

stakes,  planning  location  of  159 

marking 147,  159 

referencing* 159 

staking  out  woric 158 

stations,    ^ect    on    field 

work  of  choice  of  ... .   150 
numbering    and    letter- 
ing    147 

methods  of  establishing.   147 

referencing 148 

street  lines,  knsating 158 

suggestions     for    running 

transit  lines 152 

for  staking  out  work.. . .   159 

survey,  boundary 150,  176 

city 189 

highways 184 

land  and  buildings 180 

purpose  of 148 

system     of     staking     out 

work 159 

tabulated  notes,  different 

forms  of 169 

things  to  make  clear  in. . .   168 
transit    lines,    general 

sketch  or 168 

methods  of  running 151 

method    of   distinguish- 
ing notes 165 

notes  pertaining;  to 165 

transitman,    equipment. .   145 

transit  party 145 

duties  of  menyt>ers  ot. . .   161 

transit  stations 146 

choosing  location  of . . . .   150 

locating 148 

referencing 148 

triangulation,  problems  in.  219 
uniform  system  of   stak- 
ing out  work 159 

Transit  traverse  (see  also  Tra- 
verse lines). .  119 

Transiting  l^e  telescope 86 

Trapisium,  area  of 407 

Trapesoid,  area  of 407 

Trapezoidal  rule  for  areas 411 

Traverses^  closed 118 

companson   of   methods    of 

pk>ttinff 475 

error  of  closure 119 

explanation  of 117 

five  methods  of  plotting 492 

methods  of  plotting 463,  492 

by  azimuth 471,  484 

by  bearings 471 

by  chord  method. 484 
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Traverses  (continued)  paqb 

methods  of  piottii^  by  lati- 
tude and  departures, 

472,  474.  484 

checks 474 

illustrations  of 474 

by  tan^nt  method 484 

running,  m  topographic  sur- 
veying   341 

Traverse  boards 318,  677 

Traverse  lines,  checks  for 466 

importance  of,  in  plotting. . .  463 

plotting  by  bearings 467 

by  chord  method • .  466 

by  deflection  angles 466 

by  direct  angles 464 

by  tangent  method 466 

Traverse  stations,  elevations 

of ,  in  topographic  surveying  343 

Traverse  tables,  Boileau's 387 

Triangles,  area  of 407 

astronomical 620 

proportions  of 219 

testing 439 

use^ 438 

Triangulation,   angles,  adjust* 

ment  df 199 

maximum   and   minimum 

sixe 191 

measuring 194,  218 

which  to  measure 194 

base  liqe,  apparatus  for  meas- 

urmg.  • 194 

broken 193 

choosing  location  of 193 

effect  of  error  in  measure- 
ment    192 

length  of 194 

principal  measure 194 

traasferred  or  expanded.. .  193 

for  bridge  piers. 216 

choice   of   location   of  base 

line 193 

stations 192 

conditions  for 192 

curvature    of    earth«    error 

from  neglecting 191 

definition  of 118,  191 

diameter  of  mast  for  signal. .   199 

eccentricity  of  stations 199 

errors,  effect  of,  in  measure- 
ment of  base  line 192 

from  neglecting  curvature 

of  earth 191. 

from  poorly  proportioned 

triangles 191 

limits  ol 199 

reducing  in  measurement 

of  angles 192 

sources  of 191 

favorable  conditions  for 193 

field  notes  for 198 

general  method  of 191 
mits  of  errors 199 

expanded  base  line 193 

length  of  base  line 194 


Triangttlation  (continued)       page 
maximum     and     minimum 

size  of  angles 191 

measurement  of  angles 218 

form  of  notes  for 196 

general  methods  of 194 

illustration  of 196 

method  of  procedure 196 

method  of  repetition 196 

reducing  errors  in 192 

which  angles  to  measure. .    194 
measurement  of  base  line,  ap- 
paratus for 194 

effect  of  error  in 192 

principal 194 

net  work  of  triangles 191 

notes,  forms  of   in  measure- 
ment of  angles 196 

principal  measure  of  base  line  194 

problems  in 219 

proper  diameter  of  mast  for 

signal 199 

reducing  errors  in  measuiV 

ment  of  angles 192 

requirements  for  stations. . . .  192 

signals 192 

for  stations 198 

proper  diameter    of  mast  199 

sources  of  error 191 

stations,  choice  of 192 

eccentricity  of 199 

requirements  for 192 

signals  for 198 

transferred  base  line 193 

triangles,  network  of 191 

poorly  proportioned,  error  191 

unfavorable  conditions  fcHT. . .  191 

Triangulation  net,  plotting. . . .  493 

Trigonometer,  description  of.. .  388 

Trigonometric  formulas 640 

leveling 200,  243,  264 

accuracy  of  method 264 

use  of  stadia  methods.  305,  308 
relations    between    bearing, 
length,    latitude    and    de- 
parture   400 

tables,  numbering  of  places 

used 376 

in  office  computations 373 

Trigonometrical    principles    of 

curves 204 

Tripod,  care  of 617 

s   for  compass 676 

suggestions  for  manipulating.     88 

Tripod  head  for  plane-table 577 

V  supports.,    use    in    chaining 

'*       base  line 68 

True  bearing  of  a  line 112 

-    error  of  measurement 9 

meridian 359 

Truncated  prism,  definition  of.  429 

T-square,  testing  edge  of 438 

use  of 438 

Tunnel,  to  give  lines  for 216 

Turnbuckles,  use  of  in  chaining 

base  line 68 
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Turning  points 238 

in  leveling 252 

Units  of  measurement  in  sur- 
veying        3 

Upper  plate  of  transit 563 

Ursa  Major 355 

Ursa  Minor 355 

Use  of  drawing  instruments.. . .  438 

Value    of    a    quantity,    most 

probable. 15 

Values  of  measurements 13 

Values     numerical,    in    field 

notes 21,  22 

Vara,    unit    of    measurement; 

equivalents 3 

Variations   of   declinations   of 

magnetic  needle 541 

of  magnetic  needle,  table  of.  643 

Vaseline,  use  of 618 

Vernier*. 538 

adjustment  of 501 

cleaning 612 

danger  points  in  reading. . . .  539 
determining  the  least  count..    76 

direct 640 

double,  bow  to  read 76 

folded 83 

how  to  read 76 

illustrated 77,  538 

least  count  of 538 

to  determine 76,  540 

leveling  rods 540 

mistakes  in  reading 77 

mistakes  in  setting 75 

principle  of 538 

reading 76,  539 

danger  points  in 539 

mistakes  in 77 

to  minutes 78 

30  seconds 80 

20  seconds 91 

10  seconds 82 

relation  to  magnifying  power 

of  telescope 555 

retrograde 83,  540 

how  to  read 540 

on  leveling  rods 540 

setting 94 


Vebnier  (continued)  page 

setting,mistakes  in. 75 

on  sextants 83 

special  forms  of 83 

su^pgestions  for  using 96 

Vernier  arm  for  sextant 678 

Vernier  compass 576 

Vernier  plate  for  transit 563 

Vernier  target 572 

Vertical  angles,  measuring 98 

with  sextant 679 

Vertical  circle,  adjustmoit  of . .  591 

plane-table 604 

Vertical  control,  choosing  sta- 
tions  344 

method  of 343 

Vertical  line  defined. 1 

Vertical    measurements;     dis- 
tances; angles;  explained      2 
Vertical    parabola  from  chord 

gradients 290 

connecting  two  grades 291 

field  work  of  staking  .out 291 

formula  for 290,  292 

making     i>ass     through     a 

given  point 291 

staking  out,  comparison   of 

methods 291 

tangent  deflections 290 

Vertical  plane  defined 1 

Watch  oil,  U8e"of 618 

Watches,  use  of  in  keeping  track 

of  angles 203 

Water-colors,  how  to  mix 450 

use  of 449 

Water-lining 622 

Water-table 209,  212 

Weights  of  observations: 

found  by  means  of  probable 

errors ' 16 

Wye-level 669 

adjustments  of 692 

bubble-tube 594 

cross  hairs 593 

principal  adjustments 592 

principal  lines 592 

the  wyes 596 

value  of  level-bubble  for 645 

Zenith 621 
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